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1  INTRODUCTION 
The Finnish Fish Farmers Association, the Finnish Environmenta Institute (SYKE) 
and the Finnish Game and Fisheries Institute jointly carried out a project entitled 
"Rainbow Trout and the Environment" with co-financing from the Europen Union. 
The main results and the methods are presented in the final report of the study 
(Seppälä et al. 2001).  
The aim of the study was to carry out a life-cycle assessment (LCA) for a typical 
rainbow trout production system in Finland. In addition, other rainbow trout 
production methods, cultivated Norwegian Atlantic salmon, captured Baltic herring 
and cattle and pig meat production were studied according to LCA methodology. 
This inventory report presents all the inventory analysis data that formed a basis 
for the life cycle asessments of the different production methods and products under 
study.  
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2  MATERIALS AND METHODS 
2.1  Product systems and system boundaries 
In life cycle assessment terminology, a product system means a collection of 
materially and energetically connected unit processes that perform one or more 
defined functions. A unit process is the smallest part of a product system for which 
data are collected when performing a life cycle assessment (ISO 1997). The system 
boundaries define the unit processes that belong to the LCA study. The definition of 
the system boundaries depends on several factors, such as knowledge and cost limits. 
However, the aim is to include all the essential unit processes in the study. The basis 
for this work was that the product systems must cover the most significant functions, 
from raw material production to the transportation of slaughtered animals to markets 
or to further processing.  
The life-cycle of rainbow trout production includes feed and feed raw material 
production, hatcheries, fish farms, slaughtering, gutting, the transportation of raw 
materials and final products and the production of packaging, fuels and electricity 
(Fig. 1). The system boundaries of Norwegian salmon, Baltic herring and pig and 
cattle meat were similar to those of Finnish rainbow trout production.  
The main raw materials of rainbow trout feed are fish meal and fish oil, wheat 
meal and soya products. Not all unit processes of rainbow trout production could or 
necessarily should have been included in the study because of the lack of data or their 
minor role in the whole product system. Such unit processes included the 
manufacturing of antifouling materials and medicines. Some unit processes, such as 
precipitation chemical production, were considered insignificant because of their 
small scale.   
The production of fuels and energy were included in the study. Transportation 
consisted of feed and feed raw material transportation, smolt transportation from 
hatcheries to fish farms, fish transportation from fish farms to further processing and 
markets, and slaughtering waste transportation from fish slaughterhouses to fur farms. 
All these transportations were included in the system boundaries of the production 
systems.  
More detailed information on the product systems of different products under 
study is presented in the following chapters. 
2.1.1  Typical rainbow trout production in Finland 
Rainbow trout production is divided into several production stages: feed raw material 
production, feed production, hatcheries, fish farming, slaughtering and gutting (Fig. 
1). The production stages also include the transportation of raw materials and final 
products, and the production of packaging, fuels and electricity.  
The typical rainbow trout production method (i.e. the basic case) was rainbow 
trout production in net cages in the Archipelago area of Finland. In Finland, over 90% 
of fish farms located in coastal areas use net cages, while in inland water areas land-
based farms are more common than net cages (SVT 2000a).  
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Fig. 1. System boundaries and material and energy flows of rainbow trout product system.  
 
 
Unit processes in the hatchery include the selection of brood fishes, growth and 
maintenance, the hatching of roe and growth of the broodstock itself. Brood fish 
farming is aimed to correspond to the demand for roe. A female rainbow trout 
produces 800-1800 roe eggs per one kg of fish (National board... 1988). To produce 
100 000 kg of 2-kg fishes, 100 000 0-year smolts are needed (Suominen 1999). The 
environmental impacts of maintaining broodstock were considered insignificant and 
were not included in the study. 
The mortality in hatcheries varies considerably depending on the circumstances. 
The most common size of the juvenile fish when they leave the hatchery is about 10-
20 g (range from 5 g to 200 g) (Lankinen 1999). The typical distance of transportation 
of juvenile fish from hatcheries to fish farms in SW Finland is 300-600 km. 
The production stage after the hatchery is fish farming. Usually, especially in fish 
farms locating in coastal areas, there is no need for electricity (Suominen 1999, 
Öström 1999). However, if the farm is not located near land, boats are needed to 
transport feed and fish. Fish farms use variable amounts of anti-fouling material: some 
use it every year, some every second year and some do not use anti-fouling material at 
all. In this case, farms handle fouling problems by washing the net cages. When 
antifouling material is used the concentration of heavy metals, especially copper, in 
the sediment below the farm increases (Uotila 1991). Antibiotics are used on Finnish 
fish farms in the case of the occurence of fish diseases. The decision to use antibiotics 
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is made by veterinarians. The most common antibiotics used in Finnish fish farming 
are oxytetracycline, oxolinic acid and sulpha-trimetoprime (Rankanen 1999).    
The process of slaughtering rainbow trout begins by collecting, assorting and 
picking up the fish. After that the fish are stunned and the blood is drained. Offal is 
removed and the fish are washed, classified, weighed, cooled and ice is added. After 
packing the fish are ready to be transported to the markets (Ranne 1995, Jaakkola 
1983). 
The average transportation distance of feed from the feed factory to fish farms 
located in south-western Finland and Ahvenanmaa is about 60-70 km. Currently, 
about 50% of the feed is imported from Denmark. However, this study describes the 
situation in 1999 when there were still two feed mills functioning in Finland. Feed is 
packed in sacks made of polyethene and polypropylene.   
The majority of feed raw materials are imported from abroad, mainly from 
Denmark. The main feed raw materials are fish meal, fish oil, soya extract, wheat 
meal and water. From an environmental perpsective, the most important aspects of 
feed raw material processing are fuel consumption in fishing for the raw material, the 
use of electricity and transportation. Feed raw materials are transported to a feed 
factory located in Finland. Fish meal and oil are two different products of the same 
product system. Both soya meal and soya concentrate are also used in fish feed. Soya 
oil and meal are separated by eluting with hexane. After that it is possible to make 
soya concentrate by eluting carbohydrates with hexane so that the residue has a very 
high protein content (Møller 1999). Wheat and soya cultivation cause nutrient loads to 
water and N2O and NH3 emissions to air. Fertilizer production for soya and wheat 
cultivation was included in system boundaries.  
Calculations of nutrient loads from the typical fish farm to water were based on a 
feed factor of 1.255, which was the official feed factor in Finland in 1999. This factor 
means that 1.255 kg of feed was needed to produce 1 kg of rainbow trout. The official 
feed factor has been based on feed consumption and fish production reports provided 
by fish farmers (Kaukoranta 2000a). The calculated feed factor is affected by the 
feeding and statistical methods used.  
2.1.2  Other rainbow trout production methods  
The main differences between typical and other rainbow trout production methods lie 
in the fish farming unit process and also in the feeds used in different feed production 
stages. Other unit processes are equivalent to the basic case. 
In addition to the typical rainbow trout cultivation method (a net cage farm in the 
Archipelago area), two alternative cultivation methods were studied: 
 
a) cultivation with different feeding methods (varying feed factor or feed content); 
b) technically different cultivation methods (funnel, closed floating cage and land-
based marine farm).  
 
In addition, rainbow trout production in inland water areas was compared with 
the typical production method at sea. 
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Different feeds and feeding methods 
Farming methods with different feed factors were:  
 
• Feed factor 1.53, which is the feed factor if feed production and import figures of 
the Plant Production Inspection Centre (KTTK) for 1999 are used (Rankanen 
2000). The highest feed factors announced in 1999 were around this level 
(Kaukoranta 2000b). 
• Feed factor 1.255, based on official statistics. The amount of feed used is based 
on information provided by fish farmers (Kaukoranta 2000a). 
• Feed factor 1.1, which is the feed factor mentioned in the program for water 
protection measures up to the year 2005 (Ministry of the Environment 2000a). 
Many existing fish farms achieve this feed factor, especially in inland water 
areas (Kaukoranta 2000b). 
• Feed factor 1.0, which is the feed factor mentioned in the environmental 
protection guide to fish cultivation (Ministry of the Environment 2000b). It has 
been achieved in some experiments in Southern Finland (Helminen 2000, 
Koskela et al. 1998). The best fish farms functioning in Finland reach this feed 
factor even now (Kaukoranta 2000b). 
• Feed factor 0.9, which has been achieved in some experiments abroad (e.g. 
Aquasmart 1999). It is also occasionally possible to reach this feed factor in 
Finland in optimal circumstances and well-functioning farms. 
 
In addition to the significance of the feed factor, that of the nitrogen and 
phosphorus contents of feed was also assessed. The contents were obtained from the 
feed analysis statistics of feed producers and the Plant Production Inspection Centre 
(KTTK). Minimum and maximum contents for nitrogen were 6.29% and 8.05% and 
for phosphorus 0.85% and 1.90% (Wideskog 2000). 
Technically different farming methods 
In this context, fish farming methods were studied in which the sludge - consisting of 
feed residuals and fish excrement - was collected in order to reduce nutrient emissions 
to natural waters. In these cases, feed factors and the nutrient contents of the feeds as 
well as the amount of nutrients binding to the fish were assumed to be the same as in 
the case of the typical rainbow trout production system. The relationship between 
dissolved nutrients in the water and nutrients in the sludge was also assumed to be the 
same.  
The methods studied were the funnel, the closed farming cage and the land-based 
marine farm. Information on the methods was obtained from various experiments or 
estimated, because no commercial fish farms using sludge removing technology were 
functioning in Finland. A more detailed description of the methods can be found in 
chapter 3.1.  
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2.1.3  Alternative fish products 
Norwegian cultivated Atlantic salmon 
In Norway, the most commonly cultivated fish is the Atlantic salmon The net cages 
are, however, similar to those used in rainbow trout production in Finland. Fish farms 
are bigger in Norway than in Finland, which is the main difference between these 
farming types. Differences also exist between feed and feed raw material 
transportation and the final products. 
Baltic herring 
The product system of Baltic herring is very simple compared to that of rainbow trout. 
The only significant inputs are fuel consumed by fishing vessels and polystyrene 
packaging used in the transportation of fish (Fig. 2). 
The inventory data on electricity and fuel production and packagings are the same 
as presented in the case of typical Finnish rainbow trout production.   
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Fig. 2. System boundaries and material and energy flows of the product system of fished 
Baltic herring. 
 
2.1.4  Alternative meat products 
Pig meat 
Unit processes included in the pig meat product system were pig rearing, pig 
fattening, slaughtering and the production of different feeds and feed raw materials. 
The main feed raw materials are crop products, grass and soya (Fig. 3). Polypropylene 
and polyethylene are needed to manufacture feed sacks and electricity and heat energy 
are needed in different product stages.  
Cattle meat 
In addition to cattle farming itself, crop and silage production belong to the cattle meat 
product system. As in the pig meat product system, the slaughterhouse is the end point 
of the cattle meat product system. Electricity is needed in all production stages and its 
production is taken into account in the study (Fig. 4). 
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Fig. 3. System boundaries and material and energy flows of the pig meat product system. 
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Fig. 4. System boundaries and material and energy flows of the cattle meat product system. 
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2.2  Functional unit 
In this study the functional unit for cultivated rainbow trout, Norwegian Atlantic 
salmon and Baltic herring is 1000 kg of ungutted fish. For other meat products, 1000 
kg of unslaughtered pig or cattle are the functional units.  
2.3  Inventory data classification 
Inputs and outputs combined in unit processes have been classified into the main data 
classes presented in Table 1, which correspond to the common classification methods 
of life cycle assessment. 
 
Table 1. Classification of inventory data.   
Inputs: Outputs: 
Energy Materials and products 
-heat energy Airborne emissions 
-electic power Waterborne emissions 
Fuels Solid wastes 
Chemicals  
Materials  
Raw materials  
Natural resources  
 
2.4  Data quality requirements 
Data collection and management has a significant influence on the reliability and 
interpretation of the final results. Data quality was assessed using the following data 
quality requirements:  
 
• Time-related coverage – the most recent data were aimed to be collected; 
• Geographical coverage – it was aimed to take into account differences resulting 
from geographical settlement as well as possible; 
• Technology coverage – it was aimed that different production methods would be 
taken into account and that the technology assessed in the study was still in use; 
• Precision, completeness and representativeness of the data – data were checked 
afterwards from the data sources; 
• Consistency and reproducibility of the methods throughout the LCA – the aim 
was to keep the borders of different product systems as comparative as possible 
and the data and methods as transparent as possible; 
• Sources of data and their representativeness – confidence in the data sources and 
whether they represented the best available data were evaluated;  
• Uncertainty of the information – sensitivity analysis was performed on the results 
and significant uncertainties in certain data were identified (for example in 
nutrient emissions from field cultivation). 
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2.5  Data collection 
It was aimed to collect data that was as accurate and as updated as possible. The 
majority of the data were collected by the working group, but some co-operative 
institutes and enterprises like Rehuraisio Ltd and Ålands Fiskodlarförening r.f. also 
helped in the data collection. Official data were used always whenever possible; 
otherwise, individual enterprises were contacted. If information was not available it 
was estimated or data from similar applications were used.  
For each unit process the data sources are presented in chapter 3 together with 
unit process data.   
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3  RESULTS 
The original results of inventory analysis concerning unit processes are presented in  
chapter 3.1. Some of the unit process data were updated after publishing the final 
report. These updates are presented in chapter 3.2. Updates contain the latest 
information on the closed farming cage experiment of Skagsund (Suominen 2001), 
which turned out to provide the most effective method to remove phosphorus. This 
data did not arrive early enough to be included in the original study. New data on 
some unit processes were obtained after publishing the final report and some new unit 
processes were added to the product system. However, the system boundaries are the 
same as in the original study.  
In chapter 3.3 inputs and outputs of the total product system of Finnish rainbow 
trout are calculated per 1000 kg of unslaughtered fish. The main atmospheric and 
waterborne emissions per 1000 kg of unslaughtered rainbow trout divided into 
different production stages are presented in chapter 3.4. The results in this chapter are 
based on original and updated unit process data. 
The unit process data are presented for all products and rainbow trout production 
alternatives included in the study (Finnish rainbow trout (basic case and production 
alternatives), Baltic herring, Norwegian Atlantic salmon, cattle meat and pig meat), 
but the inputs and outputs calculated for the total product system are only presented 
for Finnish rainbow trout. For other products the main emissions to the atmosphere 
and to the waters divided into different production stages can be found from the final 
report of the study (Seppälä et al. 2001).  
3.1  Original unit process inventory data 
3.1 1  Typical rainbow trout production in Finland 
Unit processes of soya concentrate production 
 
Table 2. Inputs and outputs per 1000 kg of soya meal used as a raw material in the production of soya 
concentrate. The inputs and outputs per 1000 kg of soya meal in the process are estimated to be the same 
as in the soya meal manufacturing process. The solvent in soya concentrate production is ethanol, the mass 
of which is assumed to be the same as for hexane in soya meal production. (Hamlet Proteins A/S 1999.) The 
allocation between soya meal and oil was made as a mass allocation (Oil World 96/97, ref. Cederberg 1998). 
Inputs Outputs 
Chemicals: Output products: 
ethanol 0.9 kg soya concentrate 771 kg 
Energy: Airborne emissions: 
electric power 52 kWh VOC 0.8 kg 
coal energy 1700 MJ    
Materials:    
soya meal 1000 kg    
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Table 3. Inputs and outputs per 1000 kg of soya meal and oil produced (Cederberg 1998, Sinisalo 1999). 
Inputs Outputs 
Chemicals : Output products: 
hexane 0.7438 kg soya meal and oil 1000 kg 
Energy : Airborne emissions: 
electric power 42.9752 kWh VOC 0.6612 kg 
coal energy 1404.96 MJ    
Materials :    
soya beans 1033.06 kg    
 
 
Table 4. Inputs and outputs per 1 kg of hexane produced (Nikkonen 1999).    
Inputs  Outputs 
Energy: Products: 
primary energy 2 MJ hexane 1 kg 
 Airborne emissions: 
   CO2 0.15 kg 
   CO 7.00E-05 kg 
   VOC 0.0003 kg 
   NOx 0.0007 kg 
   particles 3.00E-05 kg 
   SO2 0.0003 kg 
   Waterborne emissions: 
   COD 1.00E-05 kg 
   N 3.00E-06 kg 
   oil 7.00E-05 kg 
   waste: 
   waste, unspecified 0.001 kg 
 
 
Table 5. Inputs and outputs per 1000 kg of soya beans produced (Cederberg 1998, Reusser 1994, Embrapa 
1997, FAO 1992, Vis et al. 1992, Isik et al. 1989). Values are based on soya cultivation in Brazil, but the 
majority of the soya used in Finnish fish feeds come from the USA. Information on the use of fertilizers is 
from the FAO (1992) and their share of the total energy consumption in soya cultivation is 23.8%.  
Inputs: Outputs: 
Chemicals: Products: 
24D 0.116 kg soya beans 1000 kg 
diflurobenzuron 0.0009 kg Waterborne emissions: 
endosulfan 0.01 kg N_w 5.2 kg 
glyphosate 0.083 kg P_w 0.119 kg 
monocrotofos 0.0173 kg    
Energy:    
electric power 15.8 kWh    
Fuels:    
light fuel oil  9.24 l    
wooden based fuels 417.12 MJ    
Materials :    
P-manure 0.006 kg    
K-manure 0.012 kg    
soya seeds 46.2 kg    
N-manure 0.01 kg    
Natural resources:    
land use 0.154 ha    
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Fish meal and oil production 
 
Table 6. Inputs and outputs per 250 kg of fish meal and oil produced (Rintaharri 1999, Kärnä 1999). 
Allocation between fish meal and oil was carried out by using a mass allocation method. 
Inputs: Outputs: 
Raw materials : Products: 
raw water 310 kg fish meal and oil 250 kg 
Energy:    
electic power 44 kWh    
Fuels:    
natural gas 31.089 kg    
Materials :    
captured fish 1000 kg    
Natural resources:    
marine water 330 kg    
 
 
Table 7. Inputs and outputs per 1000 kg of captured fish (fish meal and oil raw material fishing). (Magnusson 
2000). 
Inputs: Outputs: 
Fuels: Products : 
diesel 30 l captured fish 1 000 kg 
Natural resources: Airborne emissions: 
marine water 3 041.83 kg CO2_a 81 kg 
   CO_a 0.1005 kg 
   NOx_a 0.66 kg 
   particles_a 0.0165 kg 
   SO2_a 0.0255 kg 
   VOC_a 0.0375 kg 
   Waterborne emissions: 
   COD_w 1.1085 kg 
   Oil, fat_w 0.0098 kg 
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Wheat meal production 
    
Table 8.A. Inputs and outputs per 1000 kg of wheat meal produced (Grönroos 1999). Fertilizer information is 
from Kemira Engineering Ltd (Ilomäki 1999). 
Inputs: Outputs: 
Chemicals: Products: 
aluminium silicate 0.0693 kg wheat meal 1000 kg 
CaCO3 77.5672 kg Raw materials: 
CaSO4 10.1111 kg cooling water 3.3581 kg 
calcium nitrate 0.0655 kg Airborne emissions:   
CH4, chem 0.0160 kg acids(H+)_a 0.0001 kg 
HNO3 0.0014 kg CH4_a 0.0277 kg 
H2SO4 1.4444 kg CO2_a 245.6787 kg 
H3PO4 0.0005 kg harmful metals_a 6.52E-05 kg 
NaBO3 0.1878 kg N2O_a 2.6938 kg 
NaHS 0.0006 kg NH3_a 1.9961 kg 
pyrite 0.0068 kg NOx_a 1.1862 kg 
ferrous sulphate 0.0651 kg particles_a 0.0824 kg 
Se 0.0009 kg SO2_a 0.1817 kg 
Raw materials: VOC_a 0.286 kg 
air 226.929 kg Waterborne emissions: 
cooling water 150689 kg COD_w 0.007021 kg 
process water 2911.26 kg cooling water _w 3.3581 kg 
raw water 1.3751 kg harmful metals_w 0.0196 kg 
water 307.028 kg N_w 3.1831 kg 
Energy: P_w 0.2001 kg 
electric power 83.1667 kWh SS_w 0.00467 kg 
Fuels: waste water 2.84E+07 kg 
black liquor 0.02966 kg Solid waste: 
coal energy 46.4713 MJ waste, stone 111.111 kg 
diesel 4.3930 kg waste, unspecified 0.2273 kg 
gas from oil production 0.006155 m3 waste, hazardous waste 0.00528 kg 
energy from wheat 84 MJ dust 0.0078 kg 
fuel, unspecified 0.0047 kWh waste, society and 
industrial waste 
0.0291 kg 
hydroelectric power 10.4102 MJ    
light fuel oil 0.3333 kg    
primary energy 698.8069 MJ    
light fuel oil from wheat 32.6 l    
oil energy 137.75 MJ    
natural gas energy 1349.74 MJ    
nuclear energy 33.1156 MJ    
woodchips 0.1844 kWh    
wood-based  fuel 1.5181 kWh    
Materials:    
imatsalile 0.0028 kg  
karboxine 0.0556 kg    
Y3-mature of field 144.444 kg  
tribenuron-methyle 0.000111 kg    
P-manure 4 kg    
K-manure 12 kg    
limestone 222.222 kg    
mercely 0.0712 gk    
N-manure 28.8889 kg    
raw saltpetre 81.9 kg    
Table continues on the next page.
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Table 8.B. Inputs (cont.) per 1000 kg of wheat meal produced (Grönroos 1999).  
Inputs: Outputs: 
Natural resources:    
apatite 548.311 kg    
baryte 0.0011 kg    
bauxite 0.0009 kg    
bentonite 0.0017 kg    
berol 0.042 kg    
coal seam 4.6311 kg    
coal in ground 4.6311 kg    
land use 0.2222 ha    
mountain salt 0.1393 kg    
natural gas in ground 0.7553 kg    
pyrite ore 31,327 ?    
raw oil 3.1957 kg    
Sn in ore 0.5723 kg    
uranium in ore 0.0009 kg    
 
 
 Fish feed manufacturing 
 
Data on feed manufacture and transportation are based on information obtained from 
the three biggest manufacturers producing fish feeds for the Finnish markets: Suomen 
Rehu Ltd (Finland, not operated after the end of 1999), Rehuraisio Ltd (Finland) and 
Biomar (Denmark) (Mattila 1999, Norrgård 1999, Nappa 1999, Jessen 1999) (Table 
9).  
 
Table 9. Inputs and outputs per 1000 kg of feed manufactured (Nappa 1999, Jessen 1999, Norrgård 1999, 
Mattila 1999).   
Inputs: Outputs: 
Raw materials: Products: 
raw water 289.77 kg feed 1000 kg 
Energy: Airborne enissions: 
electic power 177.776 kWh particles_a 0.48 kg 
Fuels: Waterborne emissions: 
coal energy 1111.95 MJ COD_w 0.3119 kg 
light fuel oil   4.394 l waste water 180 kg 
natural gas 0.02857 kg Solid wastes: 
liquefied petroleum gas 0.11 kg waste to rubbish dump 5.186 kg 
Materials: waste to composting 2.078 kg 
fish meal and oil 645.65 kg waste, hazardous waste 0.243 kg 
tightening film 0.225 kg waste water sludge 1.172 kg 
corn 17.29 kg    
small feed sack 1.8 kg    
soya concentrate 83.33 kg    
soya meal 42.37 kg    
large feed sack 1.358 kg    
wheat meal 142.35 kg    
vitamins and trace 
elements 
72.94 kg    
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Packaging 
 
Table 10. Inputs and outputs per 1000 kg of polyethylene produced. Polyethylene is used in the manufacture 
of feed sacks and tightening film. Data are based on average European databases (APME 1999). 
Inputs: Outputs: 
Energy: Materials: 
electric power 2890 kWh polyethylene 1000 kg 
energy 70 150 MJ Airborne emissions: 
   CFC/HCFC_a 0.007 kg 
   CH4_a 5.8 kg 
   CO2_a 1900 kg 
   CO_a 1.1 kg 
   H2S_a 0.001 kg 
   acids(H+)_a 0.0017 kg 
   metals_a 0.003 kg 
   N2O_a 0.0005 kg 
   NOx_a 9.6 kg 
   particles_a 2 kg 
   SOx_a 8.3 kg 
   VOC_a 6.8375 kg 
 
 
 
Table 11. Inputs and outputs per 1000 kg of polypropylene produced. Polypropylene is used in the 
manufacture of feed sacks and tightening film. Data are based on average European databases (APME 
1999). 
Inputs: Outputs: 
Energy: Airborne emissions: 
heat energy 71 880 MJ Materials :   
electric power 1475 kWh polypropylene 1000 kg 
   CFC/HCFC_a 0.0005 kg 
   CH4_a 6.1 kg 
   CO2_a 1900 kg 
   CO_a 0.72 kg 
   H2S_a 0.001 kg 
   acids(H+)_a 0.0010 kg 
   metals_a 0.007 kg 
   N2O_a 0.0005 kg 
   NOx_a 9.6 kg 
   particles_a 0.0015 kg 
   SOx_a 13 kg 
   VOC_a 2.304 kg 
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Table 12. Inputs and outputs per individual small feed sack (0.15 kg) produced (Viljanen 1999, Sipilä 1999). 
Inputs Outputs 
Energy: Products: 
electric power 0.6 kWh small feed sack 0.15 kg 
Materials: Airborne emissions: 
polyethylene 0.1545 kg VOC_a 0.0045 kg 
   Solid waste: 
   waste, packaging waste 0.0045 kg 
 
 
Table 13. Inputs and outputs per individual large feed sack (0.97 kg) produced (Viljanen 1999, Sipilä 1999). 
Inputs: Outputs: 
Energy:   Products: 
electric power 3 kWh large feed sack 0.97 kg 
Materials: Airborne emissions: 
polyethylene 0.3996 kg VOC_a 0.015 kg 
polypropylene 0.5995 kg Solid waste: 
   waste, packaging waste 0.0029 kg 
 
 
Table 14. Inputs and outputs per 1000 kg of polystyrene boxes produced (Sivula 1999). These data were 
used in the original study. Updated figures are presented in Table 60. 
Inputs: Outputs: 
Chemicals: Products: 
pentane 55 kg polystyrene boxes 1000 kg 
Energy: Airborne emissions: 
electic power 2500 kWh VOC_a 55 kg 
Fuels:    
heavy fuel oil 1100 kg    
Materials:    
polystyrene 1000 kg    
 
 
Table 15. Inputs and outputs per 1 kg of pentane produced (Nikkonen 1999). 
Inputs: Outputs: 
Energy: Products 
primary energy 2 MJ pentane 1 kg 
 Airborne emissions: 
   CO2_a 0.15 kg 
   CO_a 7.00E-05 kg 
   VOC_a 0.0003 kg 
   NOx_a 0.0007 kg 
   particles_a 3.00E-05 kg 
   SO2_a 0.0003 kg 
   Waterborne emissions: 
   COD_w 1.00E-05 kg 
   N_w 3.00E-06 kg 
   oil_w 7.00E-05 kg 
   Waste: 
   waste, unspecified 0.001 kg 
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Table 16. Inputs and outputs per 1 kg of polystyrene produced (raw material of polystyrene boxes) (APME 
1997). 
Inputs: Outputs: 
Raw materials: Products: 
cooling water 170 kg polystyrene 1 kg 
process water 5.5 kg Airborne emissions:   
Energy: CH4_a 0.011 kg 
electric power 0.964 kWh CO2_a 2.4 kg 
Fuels: CO_a 0.0010 kg 
coal energy 2.6 MJ HCl_a 2.50E-05 kg 
natural gas energy 31.74 MJ metals_a 6.60E-05 kg 
oil energy 48.39 MJ NOx_a 0.012 kg 
brown coal energy 0.43 MJ particles_a 0.002 kg 
Materials: SOx_a 0.011 kg 
lime stone 0.0017 kg VOC_a 0.0049 kg 
Natural resources: Waterborne emissions: 
bauxithe 0.0011 kg BOD_w 0.0002 kg 
sand 0.0001 kg COD_w 0.0007 kg 
natrium chloride 0.0019 kg phenols_w 5.00E-06 kg 
iron ore 0.0007 kg acids(H+)_w 4.00E-05 kg 
zinc 6.20E-05 kg metals_w 0.00033 kg 
sulphur (SO2) 3.10E-05 kg N_w 6.00E-06 kg 
   NH4 1.40E-05 kg 
   NO3-_w 2.00E-06 kg 
   SO4-_w 0.0001 kg 
   SS_w 0.0007 kg 
   oil_w 6.10E-05 kg 
   Solid waste: 
   inert chemicals 0.008 kg 
   waste, minerals 0.026 kg 
   waste, unspecified 1.70E-05 kg 
   waste, packages 2.00E-06 kg 
   waste, to incineration 0.0004 kg 
   waste, constructs 2.80E-05 kg 
   waste, heavy metals 1.60E-05 kg 
   regulated chemical 0.001 kg 
   society and industrial 
waste 
0.0021 kg 
   ash 0.0043 kg 
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Hatcheries 
 
Table 17. Inputs and outputs per 1 kg of juvenile fish produced. The values are based mainly on expert 
opinions (Lankinen 1999). Antibiotics and vaccine use are based on national statistics maintained by the 
National Veterinary and Food Research Institute (EELA). Feed sacks are estimated to be consumed as 
much as in fish farming in relation to the feed consumption.  
Inputs: Outputs: 
Chemicals: Products: 
antibiotics 0.0038 kg juvenile fish 1 kg 
vaccine for furunculosis 0.0028 kg Waterborne emissions: 
Kempac 0.0039 kg antibiotics_w 0.0028 kg 
vaccine for vibriosis 0.0040 kg BOD_w 0.432 kg 
Energy: N_w 0.0454 kg 
electic power 1 kWh P_w 0.0057 kg 
Fuels: SS_w 0.3 kg 
coal energy 2 MJ Solid waste: 
Materials: waste, packaging waste  0.0033 kg 
feed 1 kg    
 
 
Fish farming 
 
Table 18. Inputs and outputs per 1000 kg of unslaughtered rainbow trout produced (fish farming stage). 
Nitrogen and phosphorus loads are national average values from 1998. Use of packaging and antifouling 
material are average data from visits to fish farms. BOD and TSS loads are obtained from the literature 
(Mäkinen 1983, Selänne ja Lindgren 1984). Consumption of antibiotics is based on official statistics. Data on 
feed sacks and packaging material use in relation to the amount of feed is only from one feed manufacturer. 
Dicopperoxide content of anti-fouling material is from one manufacturer. 
Inputs: Outputs: 
Chemicals: Materials/Products: 
antifouling 5 kg unslaughtered fish 1000 kg 
oxitetracycline 0.0044 kg N_to fish 24.65 kg 
oxoline acid 0.0025 kg P_to fish 3.944 kg 
sulfadiatzine 0.0146 kg Waterborne emissions:   
trimetoprime 0.0051 kg BOD_w 432 kg 
Raw materals: Cu2O_w 0.6375 kg 
water 12.0 kg N_w 57.0289 kg 
Fuels: oxitetracycline _w 0.0039 kg 
light fuel oil   3 l oxoline acid _w 0.0018 kg 
Materials : P_w 7.2964 kg 
N_in feed 73.7528 kg sulfadiatzine_w 0.0109 kg 
P_in feed 11.2404 kg trimetoprime_w 0.0038 kg 
juvenile fish 14 kg SS_w 172.5 kg 
feed 1237.62 kg Solid waste: 
   waste, packaging waste  4.528 kg 
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Slaughtering 
 
Table 19. Inputs and outputs of slaughtering per 1000 kg of unslaughtered rainbow trout (National board... 
1988). Consumption of CO2 and packagings are based on interviews at different fish farms. The quantity of 
roe is obtained from the national statistics of the Game and Fisheries Research Institute for 1998. Altogether, 
80% of the waste from slaughtering is supplied to fur farms and the rest to dumps.  
Inputs: Outputs: 
Chemicals: Materials and products: 
CO2 1 kg gills 27 kg 
Raw materials: liver 35 kg 
process water 3000 kg roe 24.6 kg 
Energy: slaughtered fish 800 kg 
electric power 20 kWh slaughtering waste to feed 136 kg 
Materials: Waterborne emissions: 
ice 160 kg BOD_w 5 kg 
unslaughtered fish 1000 kg COD_w 1.875 kg 
polystyrene boxes 16.6 kg N_w 0.5 kg 
   P_w 0.05 kg 
   blood 50 kg 
   Solid wastes: 
   waste, packaging waste 16.6 kg 
   waste, slaughtering waste 34 kg 
 
 
Table 20. Inputs and outputs per 1000 kg of ice produced according to Norwegian FINSAM-company 
(Lillsunde 2000).   
Inputs: Outputs: 
Raw materials: Products: 
water 1000 kg ice 1000 kg 
Energy:    
electric power 55 kWh    
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Energy production 
 
Emissions from electricity production were calculated by using the electricity 
production model of the Finnish Environment Institute (Koskela 2002) (Table 21). 
Emissions from the burning of light fuel oil were calculated by emission factors based 
on KATKO 98 calculation system of VTT (Mäkelä & Tuominen 1998) (Table 26).  
 
Table 21. Inputs and outputs per 1kWh of electricity produced in Finland (Koskela 2002). 
Inputs: Outputs: 
Energy: Products: 
fuels (unspecified) 0.0006 kWh electric power 1 kWh 
wind energy 0.0003 kWh Airborne emissions: 
Fuels: CH4_a 9.22E-05 kg 
diesel 0.0004 kg CO2_a 0.2150 kg 
other fossil fuels 1.30E-06 kg CO_a 3.67E-05 kg 
Materials : harmful metals_a 7.37E-08 kg 
woodchips 0.0023 kWh N2O_a 2.06E-05 kg 
black liquor 0.0004 kg NOx_a 0.0005 kg 
industrial waste wood 0.0188 kWh particles_a 3.14E-05 kg 
Natural resources: SOx_a 0.0003 kg 
coal (in ground) 0.0572 kg VOC_a 0.0023 kg 
natural gas (in ground) 0.0093 kg Waterborne emissions: 
oil (in ground) 0.0015 kg COD_w 1.83E-05 kg 
uranium ore 1.15E-05 kg DS_w 1.22E-06 kg 
water 0.0134 l N_w 1.29E-06 kg 
   NH4+, NH3-N_w 2.03E-06 kg 
   NO3-_w 4.08E-07 kg 
   P_w 4.84E-08 kg 
   SS_w 1.90E-06 kg 
   water (unspecified) 0.0129 l 
   oil_w 2.94E-07 kg 
   Solid waste: 
   waste, unspecified 0.0028 kg 
   waste, hazardous waste 2.80E-08 kg 
   waste, society and 
industrial waste 
4.40E-07 kg 
 
 
Table 22. Inputs and outputs per 1 MJ of steam produced from coal. Technical level 1994, reference year 
1994 (IISI/Ecobilan/1998). 
Inputs: Outputs: 
Natural resources: Products: 
coal (in ground) 1.027 kg steam 1 MJ 
natural gas (in ground) 0.0182 kg Airborne emissions: 
oil (in ground) 0.0207 kg CH4_a 6.37E-6 kg 
   CO2_a 0.148 kg 
   CO_a 5.10E-5 kg 
   N2O_a 9.60E-5 kg 
   NOx_a 0.0003 kg 
   particles_a 0.0001 kg 
   SOx_a 0.0003 kg 
   VOC_a 2.24E-2 kg 
   Solid waste: 
   waste, total 0.05 kg 
   waste, unspecified 0.05 kg 
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Table 23. Inputs and outputs per 1 kg of natural gas produced. Data from the year 1997  (Neste 1997).  
Inputs: Outputs: 
Natural resources: Fuels: 
coal (in ground) 0.0093 kg natural gas 1 kg 
natural gas (in ground) 1.056 kg Airborne emissions: 
oil (in ground) 0.0471 kg CH4_a 0.0105 kg 
water, unspecified 0.047 l CO2_a 0.268 kg 
   CO_a 0.0002 kg 
   N2O_a 5.10E-05 kg 
   NOx_a 0.0004 kg 
   particles_a 8.00E-06 kg 
   SOx_a 0.0020 kg 
   VOC_a 0.018 kg 
   Waterborne emissions: 
   DS_w 0.0002 kg 
   SS_w 8.00E-06 kg 
   oil_w 3.70E-06 kg 
   Solid wastes: 
   waste, unspecified 0.0035 kg 
 
 
 
Table 24. Inputs and outputs per 1 kg of liquefied petroleum gas (propane) produced. Data from the year 
1994 , technology level 1994 (Neste 1997). 
Inputs: Outputs: 
Energy: Fuels: 
unspecified energy 0.56 kWh liquefied petroleum gas 0.0010 m3 
   propane 1 kg 
 Airborne emissions: 
   CO2_a 0.14 kg 
   CO_a 9.00E-05 kg 
   particles_a 4.00E-05 kg 
   NOx_a 0.0008 kg 
   SOx_a 0.0004 kg 
   VOC_a 0.0002 kg 
   Waterborne emissions: 
   COD_w 7.00E-05 kg 
   N_w 3.00E-06 kg 
   Oil_w 1.00E-05 kg 
   Solid wastes: 
   waste, municipal and 
industrial 
0.0011 kg 
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Table 25. Inputs and outputs per 1 litre of light fuel oil produced (Neste 1997). 
Inputs:   Outputs:   
Energy:   Products:   
energy 2.6 MJ light fuel oil 1 l 
Raw materials:   Airborne emissions:  
water 0.31 kg CO2_a 0.17 kg 
   CO_a 0.0002 kg 
   NOx_a 0.0009 kg 
  particles_a 6E-5 kg 
   SOx_a 0.0004 kg 
   VOC_a 0.0004 kg 
   Waterborne emissions:  
   COD_w 6E-5 kg 
   N_w 2E-6 kg 
   oil_w 1E-5 kg 
   Solid wastes:   
   waste, hazardous 6E-5 kg 
   waste, industry and 
municipal 
0.0009 kg 
 
 
Table 26. Inputs and outputs per 1 litre of light fuel oil burned (Mäkelä & Tuominen 1998). 
Inputs:   Outputs:   
Fuels:   Airborne emissions:   
light fuel oil  1 l CO2_a 2.66 kg 
   CO_a 0.0204 kg 
   NOx_a 0.0459 kg 
   particles_a 0.0029 kg 
  SOx_a 0.001 kg 
   VOC_a 0.0093 kg 
 
 
Table 27. Inputs and outputs per  1 kg of heavy fuel oil produced. Information from the year 1994, technology 
level 1994  (Neste 1997). 
Inputs: Outputs: 
Raw materials: Products: 
water 0.36 l heavy fuel oil 1 kg 
Energy: Airborne emissions: 
fuels (unspecified) 0.0014 kWh CO2_a 0.26 kg 
 CO_a 0.0003 kg 
   NOx_a 0.0013 kg 
   particles_a 0.0001 kg 
   SOx_a 0.0006 kg 
   VOC_a 0.0003 kg 
   Waterborne emissions: 
   COD_w 7.00E-05 kg 
   N_w 3.00E-06 kg 
   oil_w 1.00E-05 kg 
   Solid waste: 
   waste, hazardous  7.00E-05 kg 
   waste, municipal and 
industrial 
0.0011 kg 
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Table 28. Inputs and outputs per 1kg of water produced (Tenhunen et al. 2000). 
Inputs: Outputs: 
Raw materials: Products: 
raw water 1 kg water 1 kg 
Energy: Airborne emissions: 
energy 0.0037 MJ CH4_a 1.63E-08 kg 
   CO2,recycled. 1.82E-06 kg 
   CO2_a 0.0003 kg 
   CO_a 2.03E-07 kg 
   harmful metals_a 2.27E-11 kg 
   Mn_a 2.59E-12 kg 
   N2O_a 5.86E-09 kg 
   NOx_a 5.62E-07 kg 
   particles_a 2.25E-08 kg 
   SOx_a 4.00E-06 kg 
   VOC_a 8.17E-08 kg 
   Ni_a 4.15E-12 kg 
   Waterborne emissions: 
   BOD_w 5.41E-11 kg 
   COD_w 1.80E-10 kg 
   harmful metals_a 4.23E-12 kg 
   metal ions_w 1.41E-10 kg 
   N_w 2.92E-14 kg 
   NH4-N_w 4.70E-12 kg 
   oil_w 8.76E-12 kg 
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Transportation 
 
Transportation distances are in most cases based on rather rough estimates. Exceptions 
are the transportation of feed sacks, wheat, feed raw materials in Denmark and some 
feed transportations from fish farms, which are based on detailed information. 
Transportation from fish farms to markets or processing are included in the study. Full 
return loads were assumed in all cases except for feed transportation, which had a 
factor of 1.34, and smolt transportation, for which return loads were empty. Fish meal 
and oil are assumed to be transported to Finland from Denmark, but Norway and 
Iceland are also possible countries of origin.  
 
 
Table 29. Transportation distances and transported masses per 1000 kg of unslaughtered fish. 
Transport Mode of 
conveyance 
Mass (kg) Share (%) Transportation 
distance (km) 
feed to fish farms Lorry 1 238 100 128 
 Ship 1 238 25 1 500 
feed to hatcheries Lorry 14 100 300 
feed sack transports Lorry < 10 100 130 
fish meal and oil transport Ship 808 75 1500 
 Lorry 808 25 48 
soya meal transport Lorry 53 25 90 
 Ship 53 75 1500 
soya concentrate transport Lorry 104 25 90 
 Lorry 104 40 180 
 Ship 104 75 1500 
soya bean transport Ship 195 100 6000 
wheat transport Lorry 178 100 96.48 
juvenile fish transport Lorry 26 100 600 
polyethane and 
polypropylene transport 
Lorry 4 100 300 
polystyrene transport Lorry 17 100 200 
polystyrene package 
transport  
Lorry 17 100 130 
transport between fish farm 
and land (feed, fish etc.) 
Boat 2 251 100 3 
slaughering waste 
transport 
Lorry 136 100 300 
fish transport Lorry 800 100 200 
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Table 30. Inputs and outputs of lorry transport per one ton kilometre, technology level 1997 (VTT 1999, SVT 
1995, Mäkelä & Tuominen 1998). Updated data in Table 63. 
Inputs: Outputs: 
Raw materials: Airborne emissions: 
water 0.0067 kg CH4_a 8,01E-06 kg 
Energia: CO2_a 0.0627 kg 
energy 0.0709 MJ CO_a 0,0002 kg 
Fuel: N2O_a 2.79E-6 kg 
diesel 0.0186 kg NOx_a 0.000734 kg 
   particles_a 7.1E-05 kg 
   SOx_a 1.24E-05 kg 
   VOC_a 9.98E-05 kg 
   Waterborne emissions: 
   COD_w 1.30E-6 kg 
   N_w 3.72E-8 kg 
   oil_w 2.23E-7 kg 
   Solid wastes: 
   waste, hazardous  1.30E-6 kg 
   waste, industrial  2.05E-5 kg 
 
 
Table 31. Inputs and outputs of ships per one ton kilometre (NGM 1997). 
Variable Ocean Short distances Unit 
Inputs: 
Energy: 
energy 0.201 0.279 MJ 
Outputs: 
Airborne emissions: 
CO2_a 0.0151 0.0213 kg 
CO_a 8.60E-06 2.45E-05 kg 
NOx_a 0.0004 0.0005 kg 
particles_a 2.03E-05 2.04E-05 kg 
SOx_a 0.0003 0.0004 kg 
VOC_a 1.74E-05 1.47E-05 kg 
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3.1.2  Other rainbow trout production methods 
In this chapter only those unit processes of different production methods that differ 
from the typical Finnish rainbow trout production method are presented. The unit 
processes that are not presented here are the same as in typical rainbow trout 
production and are presented in earlier chapters.  
Different feeds and feed factors 
Quantities of phosphorus and nitrogen accumulated in fish were assumed to be the 
same in relation to their (additional) growth. In the official statistics the values have 
been calculated by using an accumulation of 0.4% of the weight of the fish for P and 
2.75% for N. The residual was assumed to end up in water systems (Eq. 1). Because 
the accumulated amounts of nutrients remain the same, the proportion of the nutrients 
accumulating in fish increases when the feed factor decreases. Some of the nutrients 
are bound to the external feed, which usually ends up being eaten by wild fish. Some 
nutrients are accumulated in the faeces and some nutrients are in a soluble form in 
water. A significant part of the phosphorus in feed ends up in sludge. According to 
Tiainen et al. (1996), 35% of feed phosphorus ends up in sludge, the same amount 
ends up in water in a soluble form and the rest accumulates in fish tissues. In the case 
of nitrogen, 15% ends up in sludge, 65% dissolved in water and 25% accumulates in 
fish.  
 
   
Equation 1. Relation between nutrient (N or P) load to waters and the feed factor 
(Mäkinen & Ruohonen 1992): 
 
Y = 10 * fc * (R-z) 
 
where 
Y = nutrient load kg/ton produced fish 
fc = feed factor 
R = nutrient content in feed (%) 
z = nutrient content in additional growth of the fish (kg/ton) 
 
 
Fish farming with soya-containing feed is based on an experimental study carried 
out in Finland at the end of the 1990s. In this study, waterborne emissions from fish 
farming where soya-containing feed was used were compared with the emissions from 
the typical fish farming method. Raw materials of the feed were: fish meal (13.3%), 
fish oil (28.0%), soya protein (31.5%), soya meal (12.1%) and wheat meal (10.3%). 
The phosphorus content of the feed was 0.69% and nitrogen content 5.46%. In the 
study, more than 35% of phosphorus in feed was bound to the fish. The feed factor 
was 1.1-1.12 (Vielma et al. 1999). Because of the comparability of the results with 
other farming systems the results of this study were converted to be equal to a feed 
factor of 1.255 and external feed was assumed to end up in water systems.  
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Table 32. Nutrient balances in fish farms with different feed factors (kg/1000 kg of unslaughtered rainbow 
trout) 
Feed factor 0.9 1.0 1.1 1.255 1.53  
Inputs:       
N in feed 60.3424 67.3438 73.7528 84.2044 102.358 kg 
P in feed 8.0576 9.0712 9.8482 11.2404 13.6678 kg 
feed 901.4 1000 1098.6 1251.62 1519.26 kg 
Outputs:       
Materials/Products:      
N to fish 24.65 24.65 24.65 24.65 24.65 kg 
P to fish 3.944 3.944 3.944 3.944 3.944 kg 
BOD_w 281.95 312.05 432 443.05 495 kg 
N_w 37.9664 45.0914 51.6248 59.8045 80.7605 kg 
P_w 4.2857 5.3040 6.0856 7.4850 9.9250 kg 
SS_w 139.2185 154.2192 176.7199 304.2209 304.2209 kg 
 
 
 
Table 33. Material inputs per 1000 kg of high soya content feed (Vielma et al. 1999). Energy demand for the 
manufacturing process is assumed to be the same as for feed in the typical rainbow trout production method. 
Materials: 
fish meal and oil 410 kg 
tightening film 0.225 kg 
small feed sack 1.8 kg 
soya concentrate 315 kg 
soya meal 121 kg 
large feed sack 1.358 kg 
wheat meal 102.8 kg 
vitamins and trace elements 48.2 kg 
 
 
 
Table 34. Inputs and outputs per 1000 kg of unslaughtered rainbow trout cultivated (the fish farming stage) 
when high soya content feed is used (Vielma et al. 1999).  
Inputs:   Outputs:   
Materials:   Materials: 
N_in feed 67.5741 kg ungutted fish 1 000 kg 
P_in feed 8.5396 kg N_to fish 24.65 kg 
feed 1237.62 kg P_to fish 3.944 kg 
   Waterborne emissions: 
   BOD_w 394.986 kg 
   N_w 42.9241 kg 
   P_w 4.5956 kg 
   TSS_w 154 kg 
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Rainbow trout production in inland waters and in sea areas 
The typical rainbow trout product system describes the average case for rainbow trout 
production in Finland. It is based on the fish farming systems in inland waters and in 
sea areas. In this chapter those rainbow trout production systems in inland water areas 
and in sea areas are presented.  
 
Table 35. Inputs and outputs per 1000 kg of unslaughtered rainbow trout cultivated (the fish farming stage) in 
net cages in inland water areas (Kaukoranta 2000). 
Inputs: Outputs: 
Chemicals:   Products:   
antifouling 5 kg unslaughtered fish 1000 kg 
oxytetracycline 0.0044 kg N_to fish 27.115 kg 
oxoline acid 0.0025 kg P_to fish 3.944 kg 
sulfadiatzine 0.0146 kg Waterborne emissions: 
trimetoprime 0.0051 kg BOD_w 432 kg 
Materials:   Cu2O_w 0.6375 kg 
feed 1154.95 kg N_w 57.8282 kg 
N_in feed 84.9932 kg oxytetracycline _w 0.0039 kg 
P_in feed 10.7474 kg oxoline acid _w 0.0018 kg 
juvenile fish 14 kg P_w 6.8034 kg 
Raw materials: sulfadiatzine_w 0.0109 kg 
water 12 kg trimetoprime_w 0.0038 kg 
   TSS_w 300 kg 
   Solid wastes:   
   polyehane, waste 3.36 kg 
   polyethane, waste 1.168 kg 
 
 
Table 36. Transport distances and transported masses per 1000 kg of unslaughtered rainbow trout in inland 
water area fish farming. 
Transport Mode of 
conveyance 
Mass (kg) Share (%) Transportation distance 
(km) 
feed to fish farms Lorry 1155 100 550 
 Ship 1155 25 1 500 
feed to hatcheries Lorry 14 100 300 
juvenile fish transport Lorry 26 100 100 
polystyrene package 
transport  
Lorry 17 100 400 
slaughtering waste 
transport 
Lorry 136 100 300 
fish transport Lorry 800 100 200 
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Table 37. Inputs and outputs per 1000 kg of unslaughtered rainbow trout produced in net cages in sea areas 
(the fish farming stage). 
Inputs: Outputs: 
Chemicals:   Products:   
antifouling 5 kg unslaughtered fish 1000 kg 
oxytetracycline 0.0044 kg N_to fish 27.115 kg 
oxoline acid 0.0025 kg P_to fish 3.944 kg 
sulfadiatzine 0.0146 kg Waterborne emissions: 
trimetoprime 0.0051 kg BOD_w 432 kg 
Materials:   Cu2O_w 0.6375 kg 
N_in feed 83.9086 kg N_w 56.7936 kg 
P_in feed 11.4376 kg oxytetracycline _w 0.0039 kg 
juvenile fish 14 kg oxoline acid _w 0.0018 kg 
feed 1 263.46 kg P_w 7.4936 kg 
Fuels:   sulfadiatzine_w 0.0109 kg 
light fuel oil 3 l trimetoprime_w 0.0038 kg 
   TSS_w 300 kg 
   Solid wastes:   
   polyethylene, waste 3.36 kg 
   polypropylene, waste 1.168 kg 
 
 
Table 38. Transport distances and transported masses per 1000 kg of unslaughtered rainbow trout in sea 
area fish farming. 
Transport Mode of 
conveyance 
Mass (kg) Share (%) Transportation distance 
(km) 
feed to fish farms Lorry 1 263 100 128 
 Ship 1 263 25 1 500 
feed to hatcheries Lorry 14 100 300 
juvenile fish transport  Lorry 26 100 600 
polystyrene package 
transport 
Lorry 17 100 130 
slaughering waste 
transport 
Lorry 13 100 300 
fish transport Lorry 800 100 200 
 
  
34
 
 
Technically different rainbow trout production methods 
The technically different rainbow trout production methods studied were the funnel 
method (Paavo Ristola Ltd 1998), the closed farming cage (Helminen 2000, Jokela 
1999) and the land-based marine farm (Mäkinen 2000).  
In the funnel method a funnel is anchored below the net cage and sludge is 
pumped away from the funnel to external treatment. In closed farming cages the cages 
are closed so that water must be pumped into them. For this reason, the need for 
electricity is greater than in the funnel method because energy is also needed for water 
pumping. However, larger amounts of sludge can be collected compared with the 
funnel. The land-based marine farm consumes still more energy, because the water 
must be pumped up to the land from the sea. In theory, the effluent water could be 
cleaned in land-based marine farms, but in practise the removal of soluble nitrogen 
and phosphorus is too expensive and difficult to carry out. In this study, results were 
used from two closed farming cage experiments, Jokela (1999) with a feed factor of 
1.1 and Helminen (2000) with a feed factor of 0.93. One previous experiment was 
carried out by Niinimäki et al. (1991). 
Sludge transportation distances are short but the amounts of raw sludge removed 
are large. Sludge is processed before transportation to reduce its dry matter content. 
Sludge processing systems can be built at the onshore fish farms but are more difficult 
at farms located further from the sea.  
Results were available from the closed floating cage of Skagsund Ab (Helminen 
2000) and of Tampere University of Technology (TTKK) in Dragsfjärd equipped with 
a flotation unit for sludge proccessing (Jokela 1999). The results of the funnel 
methodology were based on a study of Paavo Ristola Ltd in Kotka from 1995-98 
(Paavo Ristola Ltd 1998). The data on the land-based marine farm was only based on 
theoretical calculations.  
For the closed floating cage project of TTKK, electricity used by the flotation 
unit was taken into account in the study. Further processing and transportation of 
sludge were left outside the study. Sludge processing and transportation were not 
included in  Paavo Ristola Ltd's funnel method. Flotation is a method in which sludge 
is separated by using air bubbles that lift the sludge up to the surface. The precipation 
chemical Finnferri was used in the flotation unit. Manufacturing and transportation of 
Finnferri were not included in the study. Transportation of the sludge is not significant 
when compared to the whole product system: if the transportation distance was 
assumed to be 20 km, feed transportations are 100 times more important, because 
transported amounts of feed are so much greater and the distances are so much longer 
than those for sludge. Phosphorus and nitrogen emissions to waters and electicity 
consumption by the equipment were taken into account in the case of the closed 
floating cage of Skagsund. The floating cage method of Skagsund Ltd was not 
included in the original study. It is reasonable to include the system in the study at this 
point because it has the most effective phosphorus removal capacity of the 
investigated alternatives. 
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Table 39. Inputs and outputs per 1000 kg of unslaughtered cultivated rainbow trout (the fish farming stage) 
when  funnel method is used (Paavo Ristola Ltd 1999). 
Inputs: Outputs: 
Chemicals: Materials/Products: 
antifouling 5 kg N_to fish 24.65 kg 
oxytetracycline 0.0044 kg P_to fish 3.944 kg 
oxoline acid 0.0025 kg unslaughtered fish 1000 kg 
sulfadiatzine 0.0146 kg Waterborne emissions: 
trimetoprime 0.0051 kg BOD_w 343.466 kg 
Energy: Cu2O_w 0.6375 kg 
electic power 455.27 kWh N_w 55.9082 kg 
Fuels:   oxytetracycline _w 0.0039 kg 
light fuel oil  4.5 l oxoline acid _w 0.0018 kg 
Materials: P_w 5.3710 kg 
N_in feed 84.2044 kg sulfadiatzine_w 0.0109 kg 
P_in feed 11.2402 kg trimetoprime_w 0.0038 kg 
juvenile fish 14 kg TSS_w 98.3295 kg 
feed 1237.62 kg Solid wastes: 
   sludge 962.505 kg 
   sludge, DS 74.1705 kg 
   N, sludge 3.6462 kg 
   P, sludge 1.9255 kg 
   waste, packaging waste 4.528 kg 
  
 
Table 40. Inputs and outputs per 1000 kg of unslaughtered cultivated rainbow trout (the fish farming stage) 
when closed floating cage (TTKK's experiment) method is used (Jokela 1999).  
Inputs: Outputs: 
Chemicals: Materials: 
Antifouling 5 kg N_to fish 25.0444 kg 
Finnferri 43.6 kg P to fish 3.944 kg 
oxytetracycline 0.0044 kg unslaughtered fish 1000 kg 
oxoline acid 0.0025 kg Waterborne emissions: 
sulfadiatzine 0.0146 kg BOD_w 301 kg 
trimetoprime 0.0051 kg Cu2O_w 0.6375 kg 
Energy: N_w 50.823 kg 
electic power 2514.3 kWh oxytetracycline _w 0.0039 kg 
Fuels: oxoline acid _w 0.0018 kg 
light fuel oil 4.5 l P_w 3.8183 kg 
Materials: sulfadiatsiini_w 0.0109 kg 
N_in feed 84.2044 kg trimetoprime_w 0.0038 kg 
P_in feed 11.2402 kg TSS_w 155.385 kg 
juvenile fish 14 kg Solid wastes: 
feed 1237.62 kg sludge,  DS 17.115 kg 
   N, sludge 8.3396 kg 
   P, sludge 3.4781 kg 
   waste, packaging waste 4.528 kg 
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Table 41. Inputs and outputs per 1000 kg of unslaughtered cultivated rainbow trout (the fish farming stage) 
when closed floating cage (Skagsund experiment) is used (Helminen 2000). Updated data are presented in 
Table 64. 
Inputs: Outputs: 
Chemicals: Materials and products: 
antifouling 5 kg N to fish 24.65 kg 
oxytetracycline 0.0044 kg P to fish 3.944 kg 
oxoline acid 0.0025 kg Waterborne emissions: 
sulfadiatzine 0.0146 kg BOD_w 301 kg 
trimetoprime 0.0051 kg N_w 55.385 kg 
Materials:   P_w 2.736 kg 
N in feed 84.2044 kg TSS_w 150 kg 
P in feed 11.2402 kg Solid wastes:   
feed 1237.62 kg sludge 0.8435 m3 
   N, sludge 4.169 kg 
   P, sludge 4.560 kg 
   packaging waste 4.528 kg 
 
 
Table 42. Inputs and outputs per 1000 kg of unslaughtered cultivated rainbow trout (the fish farming stage) 
for a land-based marine farm. The data are based only on theoretical calculations (Mäkinen 2000). 
Parameters are estimated and based on average rainbow trout farming. Water use is assumed to be 10 l/s 
and lifting height three meters. P reduction was assumed to be 30% and N reduction 4%, which is the same 
as in the funnel methodology. A system with water circulation uses less energy than the conventional land-
based marine farm presented here.  
Inputs: Outputs: 
Chemicals: Materials: 
antifouling 5 kg N_to fish 24.65 kg 
oxytetracycline 0.0044 kg P_to fish 3.944 kg 
oxoline acid 0.0025 kg unslaughtered fish 1000 kg 
sulfadiatzine 0.0146 kg Waterborne emissions: 
trimetoprime 0.0051 kg BOD_w 492.948 kg 
Energy: Cu2O_w 0.6375 kg 
electic power 8617.1 kWh N_w 56.736 kg 
Materials: oxytetracycline _w 0.0039 kg 
N_in feed 84.2044 kg oxoline acid _w 0.00189 kg 
P_in feed 11.2404 kg P_w 4.8849 kg 
juvenile fish 14 kg sulfadiatzine_w 0.0109 kg 
feed 1237.62 kg trimetoprime_w 0.0038 kg 
   SS_w 0 kg 
   Solid wastes:   
   sludge 1141.08 kg 
   N, sludge 2.8184 kg 
   P, sludge 2.4116 kg 
   packaging waste 4.528 kg 
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3.1.3  Alternative fish products 
Norwegian Atlantic salmon  
Feed consumption and nutrient loads were calculated by using the statistics from 1998 
as follows: the phosphorus load (4 225 t) and nitrogen load (20 286 t) of Norwegian 
fish farming were divided by the total Atlantic salmon production of Norway, which 
gave figures of 10.3 kg P/t and 49.8 kg N/t (Borgvang ja Tjomsland 2000). The same 
percentages of phosphorus and nitrogen in feed were assumed to accumulate in 
Atlantic salmon as in the case of Finnish rainbow trout production. Using the feed 
factor of 1.34 effective in 1999, a phosphorus content of 1.07% and a nitrogen content 
of 5.55% were achieved (Aalvik 2000). Waagbø et al. (2001) stated, however, that the 
average nitrogen content of feed is 6.4% in Norway. According to Direktoratet for 
Naturforvalting (1999), a biological feed factor of 0.9-1.1 is not unusual in Norway. 
The data source does not make clear how these figures have been calculated or what 
has been the feed factor in the calculations. The fact that a biological feed factor has 
been used in publications where Norwegian feed consumption has been assessed in 
relation to salmon production makes assessment of the average Norwegian feed factor 
far more difficult.  
The difference between biological and effective feed factors is that the biological 
feed factor also takes into account the mass of dead fish whereas in the effective feed 
factor only fish that end up in the slaughterhouse are taken into account. Because of 
the variation between different sources it is possible that there are also differences in 
Norway between official statistics and the situation in practice. SFT (1998) mentions 
characteristic loads in 1997 for Atlantic salmon as being 34 g N/kg and 10 g P/kg and 
for a biological feed factor 1.16. According to Direktoratet for Naturforvalting (1999), 
the phosphorus load is 7 kg P/t, which is only 70% of the official phosphorus load.  
Data on the consumption of antifouling material in Norwegian fish farming is 
based on Direktoratet for Naturforvalting (1999) and the amount of copper that ended 
up in the water in 1997 is based on SFT (1998). The data for antibiotics was collected 
in 1998 (Aalvik 1999). Packaging and the majority of transportation data were 
assumed to be the same as in Finland because of a lack of more accurate data. Fish are 
usually grown for one year in hatcheries (Aalvik 1999), when they reach mass of 80-
100 g (Korhonen 2000). On the other hand, the slaughtering weight of Norwegian fish 
is greater than in Finland, which means that the relationship between the mass of the 
fish at the beginning and the end of the fish farming stage does not differ very much 
from that in Finland. Without wastewater processing the emissions from hatcheries 
contain 650 g/kg suspended solids, 12 g P/kg and 80 g N/kg, while the respective 
figures with wastewater processing are 188-201 g SS/kg, 4.7-5.8 g P/kg and 46-56 g 
N/kg (SFT 1998). Because the hatcheries are usually located near the coast, 
wastewater is not usually treated (Aarefjord 2000). In this study it was therefore 
assumed that hatchery wastewater is not processed in Norway.  
Feed mills were assumed to be located in Bergen and the transportation distance 
to the fish farm was assumed to be about 500 km. The production of fish meal and fish 
oil was assumed to take place in feed mills. Soya concentrate and meal production 
were assumed to take place in Denmark, and the transportation distance to Bergen was 
assumed to be 1 200 km. The transportation distance of fish to Finnish markets was 
assumed to be 800 km by car for all of the fish. Furthermore, 80% of fish were 
assumed to be transported a further 250 km by ship. 
Transportation distances of packages and packaging materials were assumed to 
be the same as in Finland. Feed and fish transportation was then assumed to be longer 
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in Norway than in Finland. However, feed raw materials – fish meal and oil – are 
manufactured in Norway, so transportation distances for these are short.  
 
 
Table 43. Inputs and outputs per 1000 kg of Norwegian Atlantic salmon produced (fish farming stage) (Aalvik 
1999, Aarefjord 2000, Direktoratet for naturforvaltning 1999, Sandnes ja Ervik 1999, SFT 1998).  
Inputs: Outputs: 
Chemicals: Products: 
albendatzo 4.19E-05 kg fish 1000 kg 
antifouling 0.48 kg N_to fish 24.65 kg 
azametifos 0.000035 kg P_to fish 3.944 kg 
benzocaine 0.001 kg Waterborne emissions: 
chlorhexidine 2.12E-08 kg BOD_w 415 kg 
cypermetrin 4.7E-05 kg florfenicol _w 0.0002 kg 
deltamethrin 2.7E-05 kg flumequine _w 0.0002 kg 
diflubenzuron 0.0013 kg copper 0.5153 kg 
fenbendazol 3E-05 kg N_w 47.20 kg 
florfenicol 0.0002 kg oxytetracycline _w 8.66E-07 kg 
flumequine 0.000017 kg oxoline acid _w 0.0007 kg 
chloramine 1.54E-05 kg P_w 9.91 kg 
malachite green 6E-05 kg TSS_w 207.32 kg 
metacaine (MS 222) 0.00025 kg Solid wastes: 
metomidate 2.12E-08 kg waste, packaging waste 4.303 kg 
oxytetracycline 6.2E-05 kg    
oxoline acid 0.0012 kg    
praziquantel 0.0006 kg    
pyretrum 1.44E-06 kg    
teflubenzuron 0.0001 kg    
Fuels:    
light fuel oil  3 l    
Materials:    
N_in feed 71.85 kg    
P_in feed 13.854 kg    
small feed sack 2.453 kg    
juvenile fish 32.5 kg    
feed 1141.65 kg    
large feed sack 1.85 kg    
 
  
39
 
Table 44. Inputs and outputs per 1000 kg of Norwegian Atlantic salmon slaughtered (slaughtering stage). 
Values are based on average Finnish rainbow trout slaughtering data (table 19). 
Inputs: Outputs: 
Chemicals: Materials: 
CO2 1 kg gills 27 kg 
Energy: liver 35 kg 
electric power 20 kWh roe 24.6 kg 
Materials: slaughtered fish 850 kg 
ice 170 kg Waterborne emissions: 
unslaughtered fish 1000 kg BOD_w 5 kg 
polystyrene packages 16.6 kg COD_w 1.875 kg 
Raw materials: N_w 0.5 kg 
process water 3000 kg P_w 0.05 kg 
   blood_w 50 kg 
   Solid wastes:   
   polystyrene packages 16.6 kg 
   slaughtering waste to feed 120 kg 
 
 
 
Table 45. Inputs and outputs per 1 kg of juvenile fish cultivation in Norwegian hatcheries (hatchery stage) 
(Aalvik 1999, Aarefjord 2000, SFT 1998, Korhonen 2000). Some values are based on average Finnish 
hatcheries, see Table 17. 
Inputs: Outputs: 
Chemicals: Materials: 
antibiotics 0.0038 kg juvenile fish 1 kg 
vaccine against 
furunculosis 
0.0028 kg Waterborne emissions: 
Kempac 0.0039 kg antibiotics_w 0.0028 kg 
vaccine against vibriosis 0.0040 kg BOD_w 0.432 kg 
Energy:   N_w 0.08 kg 
coal energy 2 MJ P_w 0.012 kg 
electic power 1 kWh TSS_w 0.65 kg 
Materials: Solid wastes: 
feed 1 kg waste, package waste 0.0033 kg 
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Table 46. Inputs and outputs per 1000 kg of feed produced for Atlantic salmon farming (feed manufacturing). 
Data are mainly based on Finnish average feed production data, see table 9. 
Inputs: Outputs: 
Raw materials: Materials: 
raw water 289.77 kg feed 1000 kg 
Energy:   Airborne emissions: 
coal energy 1111.95 MJ particles_a 0.48 kg 
electric power 177.776 kWh Waterborne emissions: 
Fuels:   COD_w 0.3119 kg 
light fuel oil   4.394 l waste water 180 kg 
natural gas 2.86E-02 kg Solid wastes:   
liquefied petroleum gas 0.11 kg waste to rubbish dump 5.186 kg 
Materials:   waste to composting 2.078 kg 
tightening film 0.225 kg waste hazardous waste 0.243 kg 
corn 17.29 kg waste water sludge 1.172 kg 
small feed sack 1.8 kg    
soya concentrate 83.33 kg    
soya meal 42.37 kg    
large feed sack 1.358 kg    
wheat meal 142.35 kg    
vitamins and trace 
elements 
72.94 kg    
fish meal and oil 645.65 kg    
 
 
Table 47. Transport distances and transported masses per 1000 kg of unslaughtered Norwegian Atlantic 
salmon. 
Transport Mode of 
conveyance 
Mass (kg) Share (%) Transportation 
distance (km) 
feed to fish farms Lorry 1293 100 500 
feed to hatcheries Lorry 33 100 200 
feed sack transport Lorry 4 100 130 
fish meal and oil transport -    
soyameal transport Ship 56 100 1200 
soya concentrate transport Ship 110 100 1200 
soya bean transport Ship 206 100 6000 
wheat transport Lorry 172 100 96.48 
juvenile fish transport Lorry 90 100 600 
polyethane and polypropylene 
transport 
Lorry 4 100 300 
polystyrene transport Lorry 17 100 200 
polystyrene package transport Lorry 17 100 200 
slaughering waste transport Lorry 120 100 300 
fish transport to Finland Lorry 850 100 800 
 Ship 850 80 250 
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Baltic herring 
As 1000 kg of Baltic herring contains 25 kg nitrogen and 4 kg phosphorus, the 
nutrient load caused by Baltic herring fishing is negative. The polystyrene packaging 
needed for Baltic herring is assumed to be the same as for rainbow trout and 
transportation distances were also assumed to be same for both fish species. Because 
Baltic herring are usually consumed as fillets and filleting and slaughtering are 
including in the same unit process, filleting was included in the study. 
 
 
Table 48. Inputs and outputs per 1000 kg of Baltic herring captured (Baltic herring fishing) (Lillsunde 2001). 
Inputs: Inputs: 
Chemicals: Materials and products: 
aromates 0.0065 kg Baltic herring 1000 kg 
Cu2O 0.0017 kg ice 170 kg 
diuron 0.0022 kg Waterborne emissions: 
ethylebentzene 0.0004 kg aromates_w 0.0055 kg 
ketones 0.0022 kg antifouling 0.0055 l 
xylene 0.0022 kg CU2O_w 0.0015 kg 
Fuels:   diurone_w 0.0018 kg 
light fuel oil  110 l ethylibentzene_w 0.0004 kg 
Materials: ketones_w 0.0018 kg 
antifouling 0.0432 l xylene_w 0.001836 kg 
ice 170 kg    
 
 
Table 49. Inputs and outputs per 1000 kg of unslaughtered Baltic herring filleted (Baltic herring filleting) 
(Lillsunde 2001). 
Inputs: Outputs: 
Raw materials: Materials and products: 
raw water 4000 kg filleting waste to feed 420 kg 
Energy: fillet without skin 430 kg 
electric power 3.78 kWh slaughtering waste to feed 150 kg 
Materials: Waterborne emissions: 
ice 170 kg BOD 55 kg 
Baltic herring 1000 kg TSS 51 kg 
polystyrene packages 16.6 kg waste water 4000 kg 
   N_w 6.457 kg 
   P_w 1.1395 kg 
   Solid wastes: 
   waste water sludge 0.01128 kg 
 
 
Table 50. Transport distances and transported masses per 1000 kg of unslaughtered Baltic herring. 
Transport Mode of 
conveyance 
Mass (kg) Share (%) Transportation distance 
(km) 
polystyrene transport Lorry 17 100 200 
transport of 
polystyrenepackages  
Lorry 17 100 130 
slaughtering waste to fur 
farms 
Lorry 570 100 30 
products to sale Lorry 1170 100 100 
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3.1.4  Pig and cattle meat 
Pig meat production 
Pig meat product system data were obtained from earlier LCA studies and expert 
interviews (Weidema et al. 1995, Johanisson & Olsson 1998, Ranne 1995, Smeds 
2000, Vahva 2000). Some data on hectare related yields were obtained from the 
Ministry of Agriculture and Forestry. Data concerning the accounts of some piggeries 
collected by the Association of Rural Advisory Centres were also used. Information 
on production and the use of electricity and fuels are the same as in the case of 
rainbow trout production and are presented in chapter 3.1.1.  
Agriculture related raw materials of feed were assumed to have the same 
transportation distances as wheat, which is used in rainbow trout feed. The pig 
transportation distance from the piggery to the slaughterhouse was 100 km (Smeds 
2000). The feed transportation distance was assumed to be 100 km. Pigs imported to 
piggeries travel only 20 km, so this transportation was ignored. A proportion of the 
crop feed of pigs was assumed to have been cultivated on the pig farm itself and was 
thus assumed not to be transported.  
Data concerning raw materials and the consumption of commercial feeds are 
from Rehuraisio Ltd (Smeds 2000). Data concerning feed raw materials are based on 
the life cycle assessment of wheat meal from the study "Agricultural production 
systems and the environment" (Grönroos 1999, Grönroos & Seppälä 2000). 
Environmental loads from the cultivation of other crops (per hectare) were assumed to 
be the same as for wheat. Hectare yields of crops, sugar beet and potatoes were 
obtained from the Ministry of Agriculture and Forestry and hectare yields of grass 
from Weidema et al. (1995). Nitrogen and phosphorus emissions from crop cultivation 
(not soya cultivation) are based on several data sources (e.g. Vuorenmaa et al. 2001, 
Äijö & Tattari 2000). Raw materials and the composition of home manufactured feed 
were obtained from the statistics of the Association of Rural Advisory Centres, which 
is based on data from 124 piggeries. Feedsack use in relation to the amount of feed 
was assumed to be the same as in rainbow trout production. Data on the consumption 
of energy and fuels and on the resulting emissions were obtained from expert 
interviews (Smeds 2000, Vahva 2000) and additionally from the literature (Weidema 
et al. 1995). Data on the production of salt used in pig feeds is from SAEFL (1998). 
Salt has been assumed to be transported from Poland. 
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Table 51. Inputs and outputs per 1000 kg of unslaughtered pig produced (pig growing and fattening) 
(Helander 2000, Weidema et al. 1995). 
Inputs: Outputs: 
Chemicals: Materials: 
chlortetracyclin 0.0114 kg manure 10346 kg 
linkomycin 0.0008 kg manure, DS 1014 kg 
tiamulin 0.0013 kg pig, carcase weight 1000 kg 
tylosin 0.002 kg Airborne emissions: 
Energy: CH4_a 4.6939 kg 
electric power 1005 kWh NH3_a 4.3878 kg 
Fuels: Solid wastes:   
light fuel oil  22.8 l harmful metals, manure 0.1334 kg 
Materials: K, manure 37.346 kg 
oats 249.704 kg N, manure 58.972 kg 
other corn products 9.5227 kg P, manure 15.519 kg 
barley 1267.53 kg polyethane 14.645 kg 
potatoes 1.8214 kg polypropene 5.0925 kg 
small feed sack 11.25 kg    
feed 2222 kg    
barley for feed 687.77 kg    
large feed sack 8.4875 kg    
green feed 5.8674 kg    
 
 
 
Table 52. Inputs and outputs of pig slaughtering per 1000 kg of pig meat  (Smeds 2000, Vahva 2000, 
Weidema et al. 1995). 
Inputs: Outputs: 
Chemicals: Products: 
CO2 1.7045 kg manure 31 kg 
Raw materials: pig meat 1000 kg 
water 1619 kg eatible by-products 217 kg 
Energy: Waterborne emissions: 
electric power 127.84 kWh BOD_w 1.278 kg 
Fuels: COD_w 7.02 kg 
light fuel oil  12.816 l N_w 0.1598 kg 
Materials: P_w 0.0320 kg 
pig, slaughtering weight 1315 kg SS_w 0.1172 kg 
   Solid wastes:   
   slaughtering waste 50.5 kg 
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Table 53. Inputs and outputs per 1000 kg of pig feed manufactured. (Smeds 2000, Weidema et al. 1995). 
Inputs: Outputs: 
Chemicals: Materials: 
CaCO3 4.8969 kg tightening film 0.24 kg 
dicalcium phosphate 3.6083 kg small feed sack 1.8 kg 
NaCl 3.6545 kg feed 1000 kg 
Energy: large feed sack 0.97 kg 
electric power 500 kWh    
Materials:    
DL_methionine 0.208 kg    
animal fats 10 kg    
oats 120 kg    
tightening films 0.24 kg    
L_lysine 0.2081 kg    
L_treonine 0.0208 kg    
additives 11.2 kg    
barley 700 kg    
small feed sacks 1.8 kg    
soya meal 130 kg    
large feed sacks 1.358 kg    
vitamins and micro 
minerals 
1.332 kg    
 
 
Table 54. Hectare yields of pig feed raw materials. For all of these products, inputs and outputs per hectare 
were assumed to be the same as for wheat (table 8). 
Crop Avr. yield/ ha 
alfalfa etc. 8380 kg 
oats 2450 kg 
barley 2700 kg 
maize  6815 kg 
potato 24490 kg 
sugar beet 33670 kg 
wheat 4500 kg 
 
 
Table 55. Inputs and outputs per 1 kg of salt produced (SAEFL 1998). 
Inputs: Outputs: 
Chemicals: Products: 
NaCl 1.07 kg salt 1 kg 
Energy: Airborne Emissions: 
electric power 0.058 kWh CO2_a 0.175 kg 
energy 2.18 MJ CO_a 9.00E-05 kg 
   NOx_a 0.0015 kg 
   particles_a 0.0003 kg 
   harmful metals_a 2.65E-08 kg 
   SOx_a 0.0011 kg 
   Waterborne emissions: 
   BOD 1.00E-06 kg 
   COD_w 4.00E-06 kg 
   N_w 1.50E-06 kg 
   TSS 0.0013 kg 
   oil_w 2.20E-05 kg 
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Table 56. Transport distances and transported masses per 1000 kg of pig produced. 
Transport Mode of 
conveyance 
Mass (kg) Share (%) Transportation distance 
(km) 
feed to pork farming Lorry 2222 100 100 
feed to juvenile pork farming Lorry 90 100 200 
feed sack transport Lorry 7 100 130 
soya meal transport Ship 51 100 1200 
soya concentrate transport Ship 101 100 1200 
soya bean transport Ship 361 100 6000 
wheat transport Lorry 2760 100 96.48 
other raw materials of feed Lorry 2 100 96.48 
polyethene and polypropane 
transport 
Lorry 7 100 300 
pigs to slaughteries Lorry 1000 100 100 
pigs from slaughteries to further 
processing 
Lorry 925 100 200 
slaughtery waste to further 
processing 
Lorry 38 100 200 
 
 
Cattle meat production 
The product system of cattle meat production is based on the conventional milk 
production model used in the study "Agricultural production systems and the 
environment" (Grönroos & Seppälä 2000). Despite the connections with the milk 
production model, the cattle meat product system here describes specialised cattle 
meat production in Finland. Nutrient emissions from cattle feed production are the 
same as those used in the milk production model. In order to assess the need for 
different feeds, the report of Tuori et al. (1995) was used. The use of different feeds in 
order to produce 1000 kg of cattle meat (unslaughtered cattle) was: 2430 fu barley, 
1040 fu oats and 4350 fu silage (fu = fodder unit ≈ 1 kg of barley). The need for 
energy and material inputs in feed production as well as emissions from feed 
production were based on the feed production area which, in turn, was assessed 
according to the need for different feeds. Inventory analysis data on different unit 
processes are presented in the inventory report of the study "Agricultural production 
systems and the environment" (Grönroos & Voutilainen 2001). 
Slaughterhouse data used in the cattle meat product system were obtained from 
Atria Ltd (Ala-Fossi 2000) (Table 58). The average transport distance from the farm 
to the slaughterhouse was 70 km. Electricity and fuel production data were the same 
as presented in chapter 3.1.1 (Typical rainbow trout production in Finland) in this 
report. 
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Table 57. Inputs and outputs of the processes in the animal shelter per 1000 kg of cattle (unslaughtered, 
whole animal).       
Inputs:   Outputs:    
Materials:   Materials and products:    
oats 1043 fu cattle (unslaughtered) 1000 kg  
barley 2434 fu farmyard manure 22,5 m3  
silage 4349 fu urine 10 m3  
Energy:   Airborne emissions:    
electric power 750 kWh CH4_a 96 kg  
   NH3_a 63 kg  
 
 
 
Table 58. Inputs and outputs of slaughtering per 1000 kg of unslaughtered cattle (Ala-Fossi 2000).  
Inputs: Outputs: 
Materials: Products: 
cattle (unslaughtered) 1000 kg meat and other 
products+slaughtering 
waste 
1000 kg 
water 4000 kg Airborne emissions:   
Energy:   CO2_a 260 kg 
electric power 540 kWh NOx_a 0.673 kg 
Fuels: Dust_a 0.034  kg 
heavy fuel oil  11.6 kg SO2_a 1.48 kg 
propane 0.012 m3    
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3.2  Updated unit process inventory data 
 
Table 59.A. Inputs and outputs per 1000 kg of maize produced. Maize is one component of rainbow trout 
feed. Inputs and outputs were assumed to be the same as in wheat cultivation, but manure consumption and 
hectare related yields are from Weidema et al. (1995).  Hectare related crops are from USA and manure 
consumption from Danmarks statistik (1993).  Maize production was not included in the original study. 
Inputs Outputs 
Chemicals: Products: 
aluminium silicate 0.0458 kg maize 1000 kg 
CaCO3 51.2183 kg Airborne emissions: 
CaSO4 6.6765 kg CH4_a 0.0183 kg 
CH4, chem 0.0106 kg CO2_a 162.224 kg 
H2SO4 0.9538 kg harmful metals_a 6.52E-05 kg 
H3PO4 0.0003 kg acids(H+)_a 0.0001 kg 
HNO3 0.0010 kg N2O_a 1.7787 kg 
calcium nitrate 0.0433 kg NH3_a 1.3180 kg 
NaBO3 0.1240 kg NOx_a 0.7858 kg 
NaHS 0.0004 kg particles_a 0.0399 kg 
pyrite 0.0045 kg SO2_a 0.1817 kg 
ferrous sulphate 0.0430 kg VOC_a 0.189 kg 
Se 0.0006 kg Waterborne emissions: 
Raw materials: COD_w 0.0046 kg 
air 149.843 kg harmful metals_w 1.24E-02 kg 
cooling water 99501.3 kg waste water 1.88E+07 kg 
process water 1921.5 kg cooling water_w 2.2186 kg 
raw water 0.9080 kg N_w 2.1018 kg 
water 202.733 kg P_w 0.1321 kg 
Energy: SS_w 0.0031 kg 
electric power 54.9157 kWh Solid wastes: 
fuels: waste, stones 73.2943 kg 
diesel 2.9008 kg waste, unspecified 0.1499 kg 
energy from corn 55.4659 MJ waste, hazardous 0.0035 kg 
woodchips 0.1844 kWh dust 0.0051 kg 
fuel, unspecified 0.0047 kWh waste from society and 
industries 
0.0192 kg 
coal energy 30.8451 MJ    
gas from oil production 0.0062 m3    
light fuel oil 21.5261 kg    
natural gas energy 891.245 MJ    
black liquor 0.0196 kg  
primary energy 421.429 MJ  
wood-based  fuel 3.613 MJ    
waste wood from industry 1.0024 kg  
hydroelectric power 6.874 kg  
nuclear energy 21.8665 MJ  
oil energy 90.9575 MJ    
 
Table continues on the next page.
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Table 59.B. Inputs (cont.) per 1000 kg of maize produced.  
Inputs Outputs 
Materials:    
imatsalile 0.0018 kg    
carboxine 0.0367 kg    
Y3-mature of field 95.378 kg    
tribenuron-methyle 7.33E-4 kg    
P-manure 5.13522 kg    
K-manure 25.6794 kg    
limestone 146.735 kg    
mercely 0.0470 kg    
N-manure 23.4776 kg    
raw saltpetre 54.0793 kg    
Natural resources:    
apatite 362.055 kg    
baryte 0.0007 kg    
bauxite 0.0006 kg    
bentonite 0.0011 kg    
berol 0.0277 kg    
coal seam 3.0579 kg    
coal in ground 3.0579 kg    
land use 0.1467 ha    
natural gas in ground 0.4987 kg    
raw oil 2.1143 kg    
Sn in ore 0.5723 kg    
uranium in ore 0.0006 kg    
mountain salt 0.0920 kg    
 
 
Table 60. Inputs and outputs per 1000 kg of polystyrene boxes produced. Data are based on average 
information of four Finnish manufacturers in 2002. The original values are presented in table 14. 
Inputs: Outputs: 
Chemicals: Products: 
pentane 48.75 kg polystyrene boxes 1000 kg 
Energy: Airborne emissions: 
electric power 1583 kWh VOC_a 55 kg 
Fuels:    
heavy fuel oil 525 kg    
light fuel oil 307.5 l    
Materials:    
polystyrene 1000 kg    
 
 
Table 61. Inputs and outputs of burning of liquefied petroleum gas (propane) per one cubic metre of 
propane. Information is from the year 1994 (Petäjä 2002). Emissions from the use of propane were not 
included in the original study. Liquified petroleum gas is used in forklift trucks in feed mills. 
Inputs Outputs 
Fuels: Airborne emissions: 
liquefied petroleum gas 1 kg CH4_a 6,48E-08 kg 
   CO2_a 0,00135 kg 
   CO_a 4,32E-07 kg 
   particles_a 0 kg 
   NOx_a 1,30E-06 kg 
   SOx_a 0 kg 
   VOC_a 1,08E-07 kg 
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Table 62. Inputs and outputs of heavy fuel oil burning (in manufacturing of polystyrene boxes) per one litre of 
heavy fuel oil. Information is from the year 1994  (Petäjä 2002). Emissions from the use of heavy fuel oil 
were not included in the original study. 
Inputs: Outputs: 
Energy: Airborne emissions: 
heavy fuel oil 1 kg CO2_a 3,2 kg 
energy 41 MJ CO_a 0,0003 kg 
   NOx_a 0,0013 kg 
   particles_a 0,0025 kg 
   SOx_a 0,02 kg 
   VOC_a 0,00025 kg 
   Waterborne emissions: 
   COD_w 7,00E-05 kg 
   N_w 3,00E-06 kg 
   oil_w 1,00E-05 kg 
 
 
Table 63. Inputs and outputs of lorry transport per one ton kilometre (Fortum 2002). The original values are 
presented in table 30. 
Inputs Outputs 
Raw materials: Airborne emissions: 
water 0.006676 kg CH4_a 8.01E-06 kg 
Energy: CO2_a 0.062651 kg 
energy 0.07092 MJ CO_a 0.000151 kg 
Fuels: N2O_a 2.79E-6 kg 
diesel 0.018597 kg NOx_a 0.000214 kg 
   particles_a 3.16E-05 kg 
   SOx_a 1.24E-05 kg 
   VOC_a 3.25E-05 kg 
   Waterborne emissions: 
   COD_w 1.30E-6 kg 
   N_w 3.72E-8 kg 
   oil_w 2.23E-7 kg 
   Solid wastes: 
   waste, hazardous 1.30E-6 kg 
   waste, industrial 2.05E-5 kg 
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Table 64. Inputs and outputs per 1000 kg of unslaughtered cultivated rainbow trout (the fish farming stage) 
when a closed floating cage (Skagsund experiment) is used (Suominen 2001).  Updated data. The original 
data are presented in table 41. 
Inputs: Outputs: 
Chemicals: Waterborne emissions: 
antifouling 5 kg BOD_w 301 kg 
kemira fennopol 0.342 kg Cu2O_w 0.6375 kg 
Kempac20 31.489 l N_w 55.3854 kg 
oxytetracycline 0.004356 kg oxytetracycline_w 0.003920 kg 
oxoline acid 0.002465 kg oxoline acid_w 0.001849 kg 
sulfadiatzine 0.01459 kg P_w 2.736 kg 
trimetoprime 0.005127 kg sulfadiatzine 0.01094 kg 
Materials: trimetoprime_w 0.003845 kg 
N in feed 84.2044 kg TSS_w 150 kg 
P in feed 11.2402 kg Materials and products:  
feed 1237.62 kg N to fish 24.65 kg 
Energy:   P to fish 3.944 kg 
electric power 1197.6  sludge 0.8435 m3 
Fuels:   N, sludge 2.8184 kg 
light fuel oil 4.5 l P, sludge 2.4116 kg 
   packaging waste 4.528 kg 
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3.3  Inputs and outputs of the total product system of the 
Finnish rainbow trout 
In this chapter the inputs and outputs of the whole rainbow trout product system per 
1000 kg unslaughtered rainbow trout are presented. The results are based on the 
updated inventory data.  
 
Table 65. Chemicals per 1000 kg of 
unslaughtered rainbow trout. 
Inputs  
24D 0.0226 kg 
antibiotics 0.0525 kg 
aluminium silicate 0.0133 kg 
antifouling 5 kg 
CaCO3 14.9284 kg 
CaSO4 1.9460 kg 
CH4, chem.. 0.0031 kg 
CO2 1 kg 
diflurobenzuron 0.0002 kg 
endosulfan 0.0019 kg 
ethanol 0.1217 kg 
vaccine for furunculosis 0.0387 kg 
glyphosphate 0.0162 kg 
H2SO4 0.2574 kg 
H3PO4 9.45E-5 kg 
HNO3 0.0003 kg 
calcium nitrate 0.0126 kg 
calcium sulphate 0.0002 kg 
Kempac 0.0539 kg 
monocrotofos 0.0034 kg 
NaBO3 0.0361 kg 
NaHS 0.0001 kg 
oxytetracycline 0.0044 kg 
oxolinic acid 0.0025 kg 
pyrithe 0,0013 kg 
ferrous sulphate 0,0125 kg 
Se 0,0002 kg 
sulfadiatzine 0.0146 kg 
trimetoprimei 0.0051 kg 
vaccine for vibriosis 0.0554 kg 
 
Table 66. Raw materials per 1000 kg of 
unslaughtered rainbow trout. 
Inputs  
air 40.4315 kg 
cooling water 29670 kg 
processing water 609.769 kg 
raw water 1002.3 kg 
water 3555.7412 kg 
bauxite 0.0183 kg 
apatite 105.527 kg 
bauxite 0,0184 kg 
bentonite 0,0003 kg 
berol 0,0081 kg 
coal seam 0,8913 kg 
sand 0.0020 kg 
coal in land 1965.96 kg 
calcium sulphate 0.0002 kg 
natural gas (mas) 145.6253 kg 
carboxine 0.0107 kg 
land use 0.073 ha 
marine water 10899.2 kg 
sodium chloride 0.0315 kg 
mercel 0.0137 kg 
raw oil (in land) 7.0396 kg 
iron ore 0.0121 kg 
sulphur 0.0010 kg 
sulphur (SO2) 0.0005 kg 
uranium ore 0.0056 kg 
mountain salt 0.0268 kg 
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Table 67. Fuels per 1000 kg of unslaughtered 
rainbow trout. 
Inputs  
diesel 107.139 l 
coal energy 1966.42 MJ 
gas from oil production 0.0012 m3 
light fuel oil  19.6741 l 
natural gas energy 786.651 MJ 
black liquor 0.1766 kg 
other fossil fuels 0.0006 kg 
unspecified energy 0.1460 kWh 
unspecified fuels 10.8907 kWh 
liquefied petroleum gas 0.0001 m3 
waste wood of industry 9.042 kWh 
wood-based fuels 82.279 MJ 
brown coal energy 7.138 MJ 
oil energy 829.785 MJ 
 
 
 
Table 68. Materials and products per 1000 kg of 
unslaughtered rainbow trout. 
Inputs 
P-manure 0.8250 kg 
woodchips 1.1298 kWh 
imatsalile 0.0005 kg 
K-manure 2.696 kg 
calcium ore 39.6211 kg 
carboxine 0.0099 kg 
maize 21.6405 kg 
N in feed 84.2044 kg 
NaBO3 0.0335 kg 
P in feed 11.2404 kg 
Y3-manure in fields 25.7353 kg 
claw minerals 1.096E-6 kg 
Sn in ore 0.1544 kg 
soya seeds 8.9874 kg 
polystyrene packages 16.6 kg 
tribenuron methyle 1.088E-7 kg 
N-mature 5.1490 kg 
vitamins and trace 
elements 
91.2931 kg 
 
 
Table 69. Airborne emissions (_a) per 1000 kg of 
unslaughtered rainbow trout. 
Outputs 
CFC/HCFC_a 2.36E-5 kg 
CH4_a 1.3165 kg 
CO2, recycled 0.0064 kg 
CO2_a 651.66 kg 
CO_a 0.8270 kg 
CN_a 6.73E-10 kg 
H2S_a 5.70E-6 kg 
harmful metals_a 3.55E-05 kg 
acids(H+)_a 2.56E-6 kg 
N2O_a 0.5419 kg 
NH3_a 0.3842 kg 
NOx_a 5.0749 kg 
particles_a 0.1970 kg 
SOx_a 1.7831 kg 
VOC_a 6.2139 kg 
 
 
Table 70. Waterborne emissions (_w) per 1000 kg 
of unslaughtered rainbow trout. 
Outputs 
antibiotics_w 0.0394 kg 
As_w 4.027E-6 kg 
BOD_w 443.05 kg 
COD_w 5.8721 kg 
Cr_w 3.80E-11 kg 
Cu2O_w 0.6375 kg 
fenolit_w 8.30E-5 kg 
harmful metals_w (not 
Cu) 
3.41E-03 kg 
acids (H+)_w 0.0007 kg 
waste water 5.47E+06 kg 
cooling water_w 0.6467 kg 
N_w 59.8045 kg 
NH4-N_w 0.0012 kg 
NO3-_w 0.0002 kg 
oxytetracycline_w 0.0039 kg 
oxolinic acid_w 0.0018 kg 
P_w 7.4879 kg 
SO4-_w 0.0336 kg 
sulfadiatzine_w 0.0146 kg 
TOC_w 6.62E-5 kg 
trimetoprime_w 0.0051 kg 
TSS_w 304.210 kg 
blood_w 50 kg 
oil_w 5.22E-3 kg 
oil,  fat,_w 0.3179 kg 
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Table 71. Products and by-products per 1000 kg 
of unslaughtered rainbow trout. 
Outputs 
by-products of filleting 315 kg 
gills 27 kg 
liver 35 kg 
N in fish 24.65 kg 
fillet without skin 580 kg 
P in fish 3.944 kg 
waste, slaughtering waste 34 kg 
 
 
Table 72. Solid wastes per 1000 kg of 
unslaughtered rainbow trout. 
Outputs 
inert chemicals 0.1328 kg 
waste to rubbish tips 6.4909 kg 
waste, stone 21.3628 kg 
waste, composted 2.600 kg 
waste, minerals 0.4316 kg 
waste, unspecified 5.5025 kg 
waste, hazardous waste 0.3102 kg 
waste, packaging 21.2 kg 
waste to incineration 0.0060 kg 
waste, constructions 0.0005 kg 
waste, heavy metals 0.0003 kg 
waste, municipal and 
industry 
0.0760 kg 
waste water sludge 1.4669 kg 
dust 0.0015 kg 
regulated chemical 0.0166 kg 
ash 0.0714 kg 
 
 
3.4  Inventory data divided into production stages 
 
In this chapter all inputs and outputs of the average Finnish rainbow trout production 
system are presented as divided into different stages of the product system. The results 
presented in sub-chapter 3.4.1 are based on the original inventory data and in sub-
chapter 3.4.2 on the updated inventory data. Compared to the original results, several 
changes have occured: emissions from lorry transport have been replaced by the 
inventory information of Fortum (2002), emissions from the use of heavy fuel oil (in 
polystyrene package production) and liquified petroleum gas (forklift trucks in the 
feed mill) have now been taken into account, maize production has been added to 
rainbow trout feed production and information on polystyrene packages has been 
updated (in the original version data were only obtained from one enterprise, while 
updated data are average figures from four enterprises). In addition to these changes 
some errors have been corrected (e.g. fuel consumption of transportation between 
mainland and fish farm). Feed factor and nutrient emissions are the same as in the 
original study.  
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3.4.1  Original results 
In this chapter the main atmospheric and water emissions from different production 
stages based on the original unit process inventory data are presented. Only the results 
for the basic case of rainbow trout production are presented here. The original results 
for the other products and production methods are presented in the final report of the 
study (Seppälä et al. 2001). 
 
 
Table 73. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of  typical rainbow trout production in the 2001 report. (The calculations are made by using 
the feed factor 1.255. The factor corresponds to the value in official statistics). 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw  
Materials 
Feed production Hatchery Fish farm Slaughte- 
ring 
 
Packaging 
 
Sum 
CH4_a 1.08 0.023 0.0015 0 0.0043 0.21 1.32 
CO2_a 418 95 4.84 142 19.60 65.45 745 
CO_a 0.43 0.19 0.0068 1.03 0.049 0.030 1.73 
N2O_a 0.49 0.01 0.0005 0 0.0012 0.0012 0.50 
NH3_a 0.36 0 0 0 0 0 0.36 
NOx_a 3.65 0.77 0.025 2.34 0.16 0.29 7.23 
SOx_a 1.07 0.26 0.0050 0.072 0.024 0.25 1.68 
VOC_a 3.08 1.83 0.060 0.465 0.086 1.25 6.77 
N_w 1.58 0.00029 0.64 57.09 0.50 0.0003 59.80 
P_w 0.059 0 0.080 7.30 0.050 0 7.49 
 
 
Table 74. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) caused by 
transportation in different production stages (feed raw material production, feed production and hatcheries) 
of rainbow trout production and their contributions (%) to the total emissions in each production stage.  
 Feed raw 
materals  
(kg) 
% of the 
total 
emissions of 
the prod. 
stage 
% of the 
total 
emissions of 
transports 
Feed 
production 
(kg) 
% of the 
total 
emissions 
of the 
prod. 
stage 
% of the 
total 
emissions of 
transports 
Hatchery 
(kg) 
% of the 
total 
emissions of 
the prod. 
stage 
% of the 
total 
emissions of 
transports 
CH4_a 0.00030 0.03 7.71 0.00175 5.45 44.44 0.00021 12.47 5.40 
CO2_a 43.28495 8.87 53.16 23.43160 8.02 28.78 1.66150 18.84 2.04 
CO_a 0.04566 10.62 27.91 0.06261 33.48 38.27 0.00625 91.64 3.82 
N2O_a 0.00000 0.00 0.00 0.00061 0.43 9.64 0.00007 2.39 1.17 
NH3_a 0.35500 98.61 100.00 0.00000 0.00 0.00 0.00000 0.00 0.00 
NOx_a 1.10952 29.43 65.77 0.40526 37.18 24.02 0.01947 60.83 1.15 
SOx_a 0.69985 57.84 80.31 0.16869 25.56 19.36 0.00033 2.53 0.04 
VOC_a 0.04011 0.29 43.59 0.02849 0.09 30.96 0.00265 0.40 2.88 
N_w 0.00000 0.00 7.70 0.00001 2.25 44.46 0.00000 0.00 5.41 
P_w 0.00000 0.00 0.00 0.00000 0.0000 0.00 0.00000 0.00 0.00 
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Table 74 b. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) caused by 
transportation in different production stages (fish farming, package and the whole product system) of rainbow 
trout production and their contribution (%) to the total emissions in each production stage and in the whole 
product system.  
 Fish farm + 
Slaughtery 
(kg) 
% of the total 
emissions of 
the prod. 
stage 
% of the total 
emissions of 
transports 
Packaging 
(kg) 
% of the total 
emissions of 
the prod. 
stage 
% of the 
total 
emissions of 
transports 
SUM 
(kg) 
% of the total 
emissions of 
the prod. 
system 
CH4_a 0.00161 37.40 40.95 0.00006 0.03 1.50 0.00393 0.30 
CO2_a 12.58030 8.24 15.45 0.45889 0.70 0.56 81.41724 8.09 
CO_a 0.04734 4.39 28.94 0.00172 5.80 1.05 0.16359 9.44 
N2O_a 0.00056 46.68 88.82 0.00002 1.92 0.36 0.00631 0.93 
NH3_a 0.00000 0.00 0.00 0.00000 0.00 0.00 0.00000 0.00 
NOx_a 0.14739 6.00 8.74 0.00540 1.86 0.32 1.68703 22.08 
SOx_a 0.00249 3.36 0.29 0.00009 0.04 0.01 0.87146 39.43 
VOC_a 0.02004 3.64 21.78 0.00073 0.06 0.79 0.09201 0.19 
N_w 0.00001 0.00 40.95 0.00000 0.12 1.48 0.00002 0.00 
P_w 0.00000 0.00 0.00 0.00000 0.00 0.00 0.00000 0.00 
 
 
Table 75. Primary energy consumption (MJ/t of ungutted fish) from different production stages of the typical 
rainbow trout production method. 
 
Feed raw  
materials 
Feed  
production 
Hatchery Fish farm Slaughtery Packaging Sum 
23 454 4 040 178 1 796 438 4 344 34 250 
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3.4.2  Updated results 
In this chapter the main atmospheric and water emissions from different production 
stages based on the updated unit process inventory data are presented. The updated 
results are presented here for all those products and production types for which the 
inventory data were updated. The original results for all products and production 
methods included in the study are presented in the final report (Seppälä et al. 2001). 
Tables 77 and 78 were calculated by using updated emission factors for 
transportation. Marine transport from shore to fish farms is treated here as transport, 
unlike in the original study.  
Typical production method 
 
Table 76. Updated main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) from 
different production stages of  typical rainbow trout production. (The calculations are made using the feed 
factor 1.255, which corresponds to the value from official statistics). 
Variable  Emission (kg/t of ungutted fish) 
 
Feed raw  
Materials Feed production Hatchery Fish farm 
Slaughte- 
ring Packaging Total 
CH4_a 1.0757 0.023 0.0015 0 0.0043 0.2120 1.3165 
CO2_a 421.816 95.0255 4.8228 8.49 19.5006 102.005 651.66 
CO_a 0.4266 0.1686 0.0046 0.0618 0.0321 0.1333 0.8270 
N2O_a 0.5289 0.0105 0.0005 0 0.0012 0.0009 0.5419 
NH3_a 0.3842 0 0 0 0 0 0.3842 
NOx_a 3.6481 0.6493 0.0114 0.1404 0.0558 0.5670 5.0749 
SOx_a 1.0712 0.2567 0.0050 0.0043 0.0245 0.4214 1.7831 
VOC_a 3.0809 1.8157 0.0579 0.0291 0.0729 1.16 6.2139 
N_w 1.6244 0.000294 0.6356 57.0894 0.5000 0.0002 59.8499 
P_w 0.061649 1.08E-05 0.0798 7.2964 0.0500 1.96E-06 7.4879 
 
 
Table 77.A. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) caused by 
transportation in different production stages (feed raw material production, feed production and hatcheries) 
of rainbow trout production and their contribution (%) to the total emissions in each production stage.  
 Feed raw 
materals  
(kg) 
% of the 
total 
emissions 
of the prod. 
stage 
% of the 
total 
emissions 
of 
transports 
Feed 
production 
(kg) 
% of the 
total 
emissions 
of the 
prod. 
stage 
% of the 
total 
emissions 
of 
transports 
Hatchery 
(kg) 
% of the 
total 
emissions 
of the prod. 
stage 
% of the 
total 
emissions 
of 
transports 
CH4_a 0.0003026 0.03 7.70 0.001745 7.59 44.43 0.0002124 14.06 5.41. 
CO2_a 43.2655 10.26 48.26 23.3198 24.54 26.01 1.64789 34.17 1.84 
CO_a 0.0424754 9.96 23.08 0.0442352 26.24 24.04 0.004016 87.55 2.18 
N2O_a 1.05E-04 0.02 7.68 0.00061 5.81 44.59 0.0000740 15.74 5.41 
NH3_a 0.000 0.00 0.00 0.00000 0.00 0.00 0.00000 0.00 0.00 
NOx_a 1.08987 29.43 69.31 0.291949 44.97 18.57 0.005675 50.00 0.36 
SOx_a 0.699852 65.33 79.92 0.168693 65.71 19.26 0.0003289 6.59 0.04 
VOC_a 0.0375667 1.22 42.63 0.0138224 0.76 15.69 0.0008619 1.49 0.98 
N_w 0.00000 0.00 7.70 0.00001 2.25 44.46 0.00000 0.00 5.41 
P_w 0.00000 0.00 0.00 0.00000 0.0000 0.00 0.00000 0.00 0.00 
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Table 77.B. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) caused by 
transportation in different production stages (fish farming, package and the whole product system) of rainbow 
trout production and their contribution (%) to the total emissions in each production stage and in the whole 
product system.  
 Fish farm + 
Slaughtery 
(kg) 
% of the 
total 
emissions of 
the prod. 
stage 
% of the 
total 
emissions of 
transports 
Packaging
(kg) 
% of the 
total 
emissions of 
the prod. 
stage 
% of the 
total 
emissions 
of 
transports 
SUM 
(kg) 
% of the total 
emissions of 
the prod. 
system 
CH4_a 0.001608 37.26 40.94 0.000059 0.03 1.50 0.00392741 0.30 
CO2_a 20.9673 74.91 23.39 0.45337 0.44 0.50 89.6548 13.76 
CO_a 0.09211 47.22 50.06 0.0011073 0.83 0.60 0.1840 22.25 
N2O_a 0.00056 47.74 40.94 0.000004 0.47 0.29 0.00136798 0.25 
NH3_a 0.00000 0.00 0.00 0.00000 0.00 0.00 0.00000 0.00 
NOx_a 0.183371 93.44 11.66 0.0015647 0.27 0.10 1.57243 30.98 
SOx_a 0.00678 23.59 0.77 0.0000907 0.02 0.01 0.8757 49.11 
VOC_a 0.035626 34.93 40.43 0.0002376 0.02 0.27 0.0881146 2.74 
N_w 0.00001 0.00 40.95 0.00000 0.12 1.48 0.00002 0.00 
P_w 0.00000 0.00 0.00 0.00000 0.00 0.00 0.00000 0.00 
 
 
Table 78. Primary energy consumption (MJ/t of ungutted fish) from different production stages of the typical 
rainbow trout production method. 
 
Feed raw  
materials 
Feed  
production 
Hatchery Fish farm Slaughtery Package Sum 
23 454 4 040 178 116 438 4 344 32 570 
 
 
Different feed factors 
 
Table 79. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of  rainbow trout production when using feed factor 0.9 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Packaging SUM 
CH4_a 0.7868 0.0168 0.0015 0.2047 0.0000 0.0043 1.0141 
CO2_a 308.5050 69.5232 4.8228 98.7218 8.4900 19.5006 509.563 
CO_a 0.3120 0.1234 0.0046 0.1314 0.0618 0.0321 0.6653 
N2O_a 0.3868 0.0077 0.0005 0.0008 0.0000 0.0012 0.3969 
NH3_a 0.2810 0.0000 0.0000 0.0000 0.0000 0.0000 0.2810 
NOx_a 2.6681 0.4743 0.0113 0.5565 0.1404 0.0558 3.9065 
SOx_a 0.7835 0.1873 0.0050 0.4091 0.0043 0.0245 1.4136 
VOC_a 2.2533 1.9144 0.0579 0.1461 0.1020 0.3846 4.8582 
N_w 1.1880 0.0002 0.6356 0.0002 37.9664 0.5000 40.2905 
P_w 0.0451 8E-6 0.0798 2E-6 4.2857 0.0500 4.4606 
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Table 80. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of  rainbow trout production when using feed factor 1.0 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Packaging SUM 
CH4_a 0.8595 0.0184 0.0015 0.2065 0.0000 0.0043 1.0902 
CO2_a 337.0160 75.9401 4.8228 99.4959 8.4900 19.501 545.266 
CO_a 0.3409 0.1348 0.0046 0.1317 0.0618 0.0321 0.7059 
N2O_a 0.4225 0.0084 0.0005 0.0008 0.0000 0.0012 0.4334 
NH3_a 0.3069 0.0000 0.0000 0.0000 0.0000 0.0000 0.3069 
NOx_a 2.9147 0.5183 0.0113 0.5597 0.1404 0.0558 4.2003 
SOx_a 0.8559 0.2048 0.0050 0.4122 0.0043 0.0245 1.5066 
VOC_a 2.4614 2.0100 0.0579 0.1476 0.1020 0.4201 5.1990 
N_w 1.2978 0.0002 0.6356 0.0002 45.0914 0.5000 47.5253 
P_w 0.0798 0.0000 0.0798 0.0000 5.3040 0.0500 5.4831 
 
 
Table 81. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of  rainbow trout production when using feed factor 1.1 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Packaging SUM 
CH4_a 0.9562 0.0204 0.0015 0.0000 0.0043 0.2089 1.1915 
CO2_a 374.9640 84.4809 4.8228 8.4900 19.5006 100.5260 592.7850 
CO_a 0.3793 0.1499 0.0046 0.0618 0.0321 0.1322 0.7599 
N2O_a 0.4701 0.0093 0.0005 0.0000 0.0012 0.0008 0.4819 
NH3_a 0.3415 0.0000 0.0000 0.0000 0.0000 0.0000 0.3415 
NOx_a 3.2429 0.5769 0.0113 0.1404 0.0558 0.5640 4.5914 
SOx_a 0.9522 0.2280 0.0050 0.0043 0.0245 0.4163 1.6303 
VOC_a 2.7387 2.1377 0.0579 0.1020 0.4674 0.1500 5.6536 
N_w 1.4440 0.0003 0.6356 51.6248 0.5000 0.0002 54.2048 
P_w 0.0548 0.00001 0.0798 6.0856 0.0500 2E-6 6.2702 
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Table 82. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of  rainbow trout production when using feed factor 1.53 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Packaging SUM 
CH4_a 1.3178 0.2180 0.0015 0.0282 0.0000 0.0043 1.5698 
CO2_a 516.7330 104.3750 4.8228 116.39 8.4900 19.5006 770.3100 
CO_a 0.5226 0.1339 0.0046 0.2065 0.0618 0.0321 0.9616 
N2O_a 0.6479 0.0009 0.0005 0.0129 0.0000 0.0012 0.6633 
NH3_a 0.4706 0.0000 0.0000 0.0000 0.0000 0.0000 0.4706 
NOx_a 4.4690 0.5800 0.0113 0.7958 0.1404 0.0558 6.0524 
SOx_a 1.3123 0.4317 0.0050 0.3149 0.0043 0.0245 2.0926 
VOC_a 3.7739 0.8023 0.0579 1.5802 0.1020 1.0334 7.3497 
N_w 1.9899 0.0002 0.6356 0.0004 80.7060 0.5000 83.8321 
P_w 0.0755 2.12E-06 0.0798 1E-05 9.925 0.0500 10.1303 
 
 
Table 83. The effect of different feed factors on primary energy consumption (MJ/t of ungutted fish) from 
different production stages of rainbow trout production (bold text type indicates the data representing the 
typical rainbow trout production method). 
Production stage Primary energy consumption (MJ/t of ungutted fish) 
 0.9 1 1.1 1.255 1.53 
Raw materials 16 892 18 746 20 587 23 454 28 466 
Feed production 2 912 3 229 3 546 4 040 4 905 
Hatcheries 178 178 178 178 178 
Fish farm 116 116 116 116 116 
Slaughtery 438 438 438 438 438 
Packaging 4 194 4 237 4 279 4 344 4 460 
Sum 24 730 26 944 29 144 32 570 38 563 
 
 
Different feeds 
 
Table 84. Main atmospheric (_a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of high soya content feed experiment (Vielma et al. 1999). The feed factor and N and P 
contents of feed are the same as in the typical rainbow trout production method. 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Packaging Total 
CH4_a 0.6893 0.0230 0.0015 0.2119 0 0.0043 0.9301 
CO2_a 371.967 95.03 4.8228 102.0043 8.49 19.5006 601.8103 
CO_a 0.4294 0.169 0.0046 0.1333 0.0618 0.0321 0.8298 
N2O_a 0.3986 0.0105 0.0005 0.0009 0 0.0012 0.4116 
NH3_a 0.285 0 0 0 0 0 0.285 
NOx_a 4.3346 0.6493 0.0114 0.5693 0.1404 0.0558 5.7608 
SOx_a 1.7777 0.2567 0.0050 0.4214 0.0043 0.0245 2.4895 
VOC_a 4.2254 2.2949 0.058 0.1526 0.1020 0.5258 7.3585 
N_w 4.0158 0.0003 0.636 0.0002 42.9241 0.5000 48.076 
P_w 0.1101 0.00001 0.080 1.96E-06 4.5956 0.0500 4.8355 
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Technically different production (farming) methods 
 
Table 85. Main atmospheric (-a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of the funnel experiment (Paavo Ristola Ltd 1999). The feed factor and N and P contents 
of feed are the same as in the typical rainbow trout production method. 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm  Slaughtery Packaging Total 
CH4_a 1.0757 0.0230 0.0015 0.0420 0.0043 0.2119 1.3585 
CO2_a 421.8160 95.0255 4.8228 110.6340 19.5006 102.0043 753.7033 
CO_a 0.4266 0.1686 0.0046 0.1094 0.0321 0.1333 0.8747 
N2O_a 0.5289 0.0105 0.0005 0.0094 0.0012 0.0009 0.5513 
NH3_a 0.3842 0.0000 0.0000 0.0000 0.0000 0.0000 0.3842 
NOx_a 3.6481 0.6493 0.0113 0.3861 0.0558 0.5693 5.3199 
SOx_a 1.0712 0.2567 0.0050 0.1538 0.0245 0.4214 1.9326 
VOC_a 3.0809 1.8160 0.0579 1.7729 0.0729 1.1576 7.2744 
N_w 1.6244 0.0003 0.6356 55.9088 0.5000 0.0002 58.6693 
P_w 0.0616 0.0000 0.0798 5.3710 0.0500 0.0000 5.5625 
 
 
Table 86. Main atmospheric (-a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of the closed floating cage of Skagsund (Helminen 2000). The feed factor and N and P 
contents of feed are the same as in typical rainbow trout production method. 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Packaging SUM 
CH4_a 1.0757 0.0230 0.0015 0.1105 0.0043 0.2119 1.4269 
CO2_a 421.8160 95.0255 4.8228 270.2610 19.5006 102.0043 913.4272 
CO_a 0.4266 0.1686 0.0046 0.1367 0.0321 0.1333 0.9019 
N2O_a 0.5289 0.0105 0.0005 0.0247 0.0012 0.0009 0.5666 
NH3_a 0.3842 0.0000 0.0000 0.0000 0.0000 0.0000 0.3842 
NOx_a 3.6481 0.6493 0.0113 0.6722 0.0558 0.5693 5.6060 
SOx_a 1.0712 0.2567 0.0050 0.3942 0.0245 0.4214 2.1730 
VOC_a 3.0807 1.8157 0.0579 2.7923 0.0729 1.1575 8.9770 
N_w 1.6244 0.0003 0.6356 55.3869 0.5000 0.0002 58.1474 
P_w 0.0616 1E-5 0.0798 2.7361 0.0500 2E-6 2.9275 
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Table 87. Main atmospheric (-a) and water (_w) emissions (kg/t of ungutted fish) from different production 
stages of the closed floating cage of Dragsfjärd (Jokela 1999). The feed factor and N and P contents of feed 
are the same as in the typical rainbow trout production method. 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Packaging SUM 
CH4_a 1.0757 0.0230 0.0015 0.2319 0.0043 0.2120 1.5484 
CO2_a 421.8160 95.0255 4.8228 553.3980 19.5006 102.0050 1196.570
0 
CO_a 0.4266 0.1686 0.0046 0.1851 0.0321 0.1333 0.9503 
N2O_a 0.5289 0.0105 0.0005 0.0519 0.0012 0.0009 0.5938 
NH3_a 0.3842 0 0 0 0 0 0.3842 
NOx_a 3.6481 0.6493 0.0113 1.1796 0.0558 0.5700 6.11418 
SOx_a 1.0712 0.2567 0.0050 0.8205 0.0244 0.4214 2.599311 
VOC_a 3.0809 1.8160 0.0579 5.8171 0.0729 1.1577 12.0025 
N_w 1.6244 0.0003 0.6356 50.8055 0.5000 0.0002 53.566 
P_w 0.0616 0.0000 0.0798 3.8184 0.0500 0.0000 4.0098 
 
 
Table 88. Main atmospheric (-a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of a land-based marine farm (Mäkinen 2000). The feed factor and N and P contents of 
feed are the same as in the typical rainbow trout production method. 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Packaging SUM 
CH4_a 1.0757 0.0230 0.0015 0.7947 0.0043 0.2119 2.1112 
CO2_a 421.8160 95.0255 4.8228 1852.980
0 
19.5006 102.0043 2496.103
0 
CO_a 0.4266 0.1686 0.0046 0.3166 0.0321 0.1333 1.0819 
N2O_a 0.5289 0.0105 0.0005 0.1778 0.0012 0.0009 0.7197 
NH3_a 0.3842 0.0000 0.0000 0.0000 0.0000 0.0000 0.3842 
NOx_a 3.6481 0.6493 0.0113 3.3211 0.0558 0.5693 8.2550 
SOx_a 1.0712 0.2567 0.0050 2.7899 0.0245 0.4214 4.5687 
VOC_a 3.0800 1.8135 0.0579 19.7775 0.0729 1.1555 25.9573 
N_w 1.6244 0.0003 0.6356 56.7471 0.5000 0.0002 59.5076 
P_w 0.0616 1E-5 0.0798 4.8853 0.0500 2E-6 5.0768 
 
 
Table 89. Primary energy consumption (MJ/t of ungutted fish) from different production stages of different 
rainbow trout production methods. 
Production type Primary energy consumption (MJ/t of ungutted fish) 
 
 
Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Package Sum 
Typical farming method 23 454 4 040 178 116 438 4 344 32 570 
High soya content feed 18 347 4 040 178 116 438 4 344 27 464 
Funnel 23 454 4 040 178 4 250 438 4 344 36 704 
Closed floating cage I 23 454 4 040 178 22 673 438 4 344 55 127 
Closed floating cage II 23 454 4 040 178 10 887 438 4 344 43 341 
Land-based marine farm 23 454 4 040 178 77 108 438 4 344 109 564
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Alternative fish products 
 
Table 90. Main atmospheric (-a) and waterborne (_w) emissions (kg/t of ungutted fish) from different 
production stages of Norwegian cultivated salmon production. 
Variable  Emission (kg/t of ungutted fish) 
 Feed raw 
materials 
Feed 
production 
Hatchery Fish farm Slaughtery Packaging SUM 
CH4_a 1.1390 0.0277 0.0032 0.0000 0.0085 0.2111 1.3896 
CO2_a 421.428 116.889 8.592 8.490 54.575 97.038 707.012 
CO_a 0.4253 0.2304 0.0043 0.0618 0.1113 0.1326 0.9656 
N2O_a 0.5194 0.0123 0.0010 0.0000 0.0026 0.0003 0.5357 
NH3_a 0.3768 0.0000 0.0000 0.0000 0.0000 0.0000 0.3768 
NOx_a 3.3310 0.5183 0.0173 0.1404 0.2389 0.5627 4.8087 
SOx_a 0.7860 0.1014 0.0111 0.0043 0.0754 0.4156 1.3938 
VOC_a 3.2346 1.9304 0.1330 0.0291 0.0939 1.1064 6.5274 
N_w 1.6727 0.0003 2.6000 47.1996 0.5001 0.0001 51.9728 
P_w 0.0623 0.0000 0.3900 9.9100 0.0500 0.0000 10,4123 
 
 
Table 91. Main atmospheric (-a) and waterborne (_w) emissions (kg/t of ungutted fish) from Finnish Baltic 
herring production. 
Emissions (kg/t of Baltic Herring) 
CH4_a CO2_a N2O_a NOx_a NH3_a SOx_a VOC_a N_w P_w 
0.1881 419.18 0.0015 5.7235 0 0.5566 2.03 -25 -4 
 
 
Pig meat production 
 
Table 92. Main atmospheric (-a) and waterborne (_w) emissions (kg/t of ungutted fish) from Finnish pig 
production. 
Emissions (kg/t of pig) 
CH4_a CO2_a N2O_a NOx_a NH3_a SOx_a VOC_a N_w P_w 
5.14 2 372 18.38 12.12 11.31 2.68 8.9 19-38 0.8-2.3 
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